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Section 1 
MOS Static Ram 


¢ HM6116 SERIES 
HM6116P-2/3/4 
HM6116LP-2/3/4 
HM6116FP-2/3/4 
HM6116LFP-2/3/4 


¢ HM6116A SERIES 
HM6116AP-12/15/20 
HM6116ALP- 12/15/20 
HM6116ASP-12/15/20 
HM6116ALSP-12/15/20 


¢ HM6716 SERIES 
HM6716P-25/30 


¢ HM6719 SERIES 
HM6719P-25/30 


¢ HM6268 SERIES 
HM6268P-25/35/45 
HM6268LP-25/35/45 


¢ HM6267 SERIES 
HM6267P-35/45/55 
HM6267LP-35/45/55 


¢ HM6264A SERIES 
HM6264AP- 10/12/15 
HM6264ALP-10/12/15 
HM6264ALP-10L/12L/15L 
HM6264ASP- 10/12/15 
HM6264ALSP-10/12/15 
HM6264ALSP-10L/12L/15L 
HM6264AFP- 10/12/15 
HM6264ALFP-10/12/15 
HM6264ALFP-10L/12L/15L 


¢ HM6288 SERIES 
HM6288P-25/35 
HM6288LP-25/35 
HM6288JP-25/35 
HM6288LJP-25/35 


¢ HM6788 SERIES 
HM6788P-25/30 


¢ HM6788H SERIES 
HM6788HP-15/20 


¢ HM6788HA SERIES 
HM6788HAP- 12/15/20 


¢ HM6289 SERIES 
HM6289JP-25/35 
HM6289LJP-25/35 
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8-bit High Speed CMOS Static RAM . 
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8,192-word x 8-bit High Speed CMOS Static RAM............... 


16,384-word x 4-bit High Speed CMOS Static RAM.. ..... ..... 
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16,384-word x 4-bit High Speed Hi-BiCMOS Static RAM.......... 
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Section 1—MOS Static Ram (continued) 


* HM6789 SERIES 
HM6789P-25/30 
HM6789JP-25/30 


¢ HM6789H SERIES 
HM6789HP- 15/20 
HM6789HJP-15/20 


¢ HM6789HA SERIES 
HM6789HAP- 12/15/20 
HM6789HAJP- 12/15/20 


¢ HM6287 SERIES 
HM6287P-45/55/70 
HM6287LP-45/55/70 


¢ HM6287H SERIES 
HM6287HP-25/35 
HM6287HLP-25/35 
HM6287HJP-25/35 
HM6287HLJP-25/35 


¢ HM6787 SERIES 
HM6787P-25/30 


¢ HM6787H SERIES 
HM6787HP- 15/20 
HM6787HJP-15/20 


¢ HM6787HA SERIES 
HM6787HAP- 12/15/20 
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HM62832JP-35/45 
HM62832LJP-35/45 
HM62832HP-35/45 
HM62832HJP-35/45 


¢ HM6208/HM6208H SERIES 


HM6208P-35/45 
HM6208HP-25/35 
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HM6208HJP-25/35 
HM6208HLJP-25/35 


° HM6708 SERIES 
HM6708P-20/25 
HM6708JP-20/25 


¢ HM6708A SERIES 
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HM6708AUP- 15/20/25 


¢ HM6709 SERIES 
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Section 1—MOS Static Ram (continued) Page 
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© HM63941-25/35/45 4K x 9-bit CMOS Parallel In-Out FIFO Memory... .............. 301 
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Section 2 

Cache Static RAM and Fast SRAM Modules 
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¢ HM644332 Z,O48'Entry TaG Memory: oancaw whateva ete were wy ecko teed anes 351 
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Section 3 
MOS Pseudo Static RAM 


¢ HM65256B SERIES 
HM65256BP-10/12/15/20 
HM65256BLP- 10/12/15/20 
HM65256BSP-10/12/15/20 
HM65256BLSP-10/12/15/20 
HM65256BFP-10T/12T/15T/20T 
HM65256BLFP-10T/12T/15T/20T 


e HM658128 SERIES 
HM658128DP- 10/12/15 


HM658128LP-10/12/15  - -, | as 


HM658128DFP- 10/12/15 
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Section 4 
Video Memory 
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Section 5 
MOS Dynamic RAM 


¢ HM50464 SERIES 
HM50464P- 12/15/20 
HM50464CP- 12/15/20 


¢ HM50256 SERIES 
HM50256P- 12/15/20 
HM502562ZP- 12/15/20 
HM50256CP- 12/15/20 


¢ HM51256 SERIES 
HM51256P-8/10/12/15 
HM51256CP-8/10/12/15 
HM51256LP-8/10/12/15 
HM51256LCP-8/10/12/15 
HM51256ZP-8/10/12/15 
HM51256LZP-8/10/12/15 


32,768-word x 8-bit High Speed Pseudo Static RAM.... ........ 


131,072-word x 8-bit High Speed CMOS Pseudo Static RAM ..... 
i, ‘, ’ J 


‘se 
jae rio} Z 
; : pe 
Peo 


2,048-word x 8-bit Line Memory.... ... ....0.. 


262,144-word x 4-bitFrame Memory... ... . . «1... .eeeee 


65,536-word x 4-bit Multiport CMOS Video RAM................ 


65,536-word x 4-bit Multiport CMOS Video RAM 
(with Logic operation mode) 


131,072-word x 8-bit Multiport CMOS Video RAM ......... ...... 
131,072-word x 8-bit Multiport CMOS Video RAM...... ........ 


262,144-word x 4-bit Multiport CMOS Video RAM............... 
262,144-word x 4-bit Multiport CMOS Video RAM... ..... ..... 
262,144-word x 4-bit Multiport CMOS Video RAM ............... 


131,072 x 8-bit Multiport CMOS Video Random Access Memory .. 


65,536-word x 4-bit Dynamic Random Access Memory........... 


262,144-word x 1-bit Dynamic Random Access Memory.......... 


262,144-word x 1-bit Dynamic Random Access Memory.......... 


© HITACHI 


iv Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


376 


388 


402 


412 


425 


444 


470 


469 


516 


542 


569 


590 


598 


606 


TABLE OF CONTENTS 


Section 5—MOS Dynamic RAM (continued) Page 
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Section 5—MOS Dynamic RAM (continued) 
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Section 6 
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Section 6—MOS Dynamic RAM Module (continued) 
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Section 7—MOS Mask ROM (continued) 
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HN62444F 


¢ HN62414 SERIES 
HN62414P-17/20 
HN62414FP-17/20 
HN62414F-17/20 


¢ HN62314B SERIES 
HN62314BP-17/20 
HN62314BF-17/20 


¢ HN62344B SERIES 
HN62344BP 
HN62344BF 


¢ HN62408 SERIES 
HN62408P 
HN62408FP 


¢ HN62308B SERIES 
HN62308BP 
HN62308BF 


¢ HN66403P SERIES 
HN66403P 


e HN624016 SERIES 
HN624016P 
HN624016F 


Section 8 
MOS PROM 


¢ HN58064 SERIES 
HN58064P-25/30 


e HN58C65 SERIES 
HNS8C65P-25 
HN58C65FP-25 


¢ HN58C66 SERIES 
HN58C66P-25 
HN58C66FP-25 

¢ HN58C256 SERIES 


HN58C256P- 15/20 
HN58C256FP- 15/20 


¢ HN27C256AG SERIES 
HN27C256AG-10/12/15 


¢ HN27C256HG SERIES 
HN27C256HG-70/85 

¢ HN27512G SERIES 
HN27512G-25/30 


¢ HN27C1024HG SERIES 
HN27C 1024HG-85/10 


262,144-word x 16-bit/524,288-word x 8-bit CMOS.............. 
Mask Programmable ROM 


524,288-word x 8-bitCMOS ........ 0... ccc cece eee ees 
Mask Programmable ROM 


262,144-word x 16-bit/524,288-word x 8-bitCMOS.......... 
Mask Programmable Read Only Memory 


262,144-word x 16-bit/524,288-word x 8-bit CMOS.............. 
Mask Programmable Read Only Memory 


524,288-word x 8-bit CMOS Mask Programmable Read Only Memory 
524,288-word x 8-bit CMOS Mask Programmable Read Only Memory 


524,288-word x 16-bit/1,048,576—word x 8-bit CMOS............ 
Mask Programmable ROM 


1,048,576-word x 8-bit CMOS Mask Programmable Read......... 
Only Memory 


524,288-word x 16-bit/1,048,576-word x 8-bitCMOS............ 


Mask Programmable Read Only Memory 


1,048,576-word x 16-bit/2,097,152-word x 8-bitCMOS........... 
Mask Programmable Read Only Memory 


8,192-word x 8-bit Electrically Erasable and Programmable ROM. . . 


8,192-word x 8-bit Electrically Erasable and Programmable ....... 
CMOS ROM 


8,192-word x 8-bit CMOS Electrically Erasable and.............. 
Programmable ROM 


32,768-word x 8-bit Electrically Erasable and Programmable ...... 
CMOS ROM 


32,768-word x 8-bit UV Erasable and Programmable ROM........ 
32,768-word x 8-bit CMOS UV Erasable and Programmable ROM. . 
65,536-word x 8-bit UV Erasable and Programmable ROM........ 


65,536-word x 16-bit CMOS UV Erasable and Programmable ROM . 
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1091 


1095 


1101 


1107 


1111 


1114 


1119 


1123 


1127 


1132 


1138 


1147 


1156 


1158 


1166 


1176 


1183 


Section 8—MOS PROM (continued) 


¢ HN27C101G SERIES 
HN27C101G-17/20/25 


¢ HN27C301G SERIES 
HN27C301G-17/20/25 


¢ HN27C256FP SERIES 


© HN27512P SERIES 
HN27512P-25/30 


¢ HN27C101P/FP SERIES 
HN27C101P-20/25 
HN27C101FP-20/25 


¢ HN27C301P/FP SERIES 
HN27C301P-20/25 
HN27C301FP-20/25 


¢ HN27C101AG SERIES 
CMOS 1Mb EPROM 


¢ HN27C4096 SERIES 
HN27C4096G-10/12/15 
HN27C4096CC-10/12/15 


Section 9 
ECL RAM 


° HM10494 SERIES 
HM10494-10/12 
HM10494F-10/12 


¢ HM10490 SERIES 
HM10490-10/12 


© HM10504-10/12 
¢ HM10500-15 


e HM100494 SERIES 
HM100494-10/12 
HM100494F-10/12 


¢ HM100490-10/12 
¢ HM100504F-10/12 


¢ HM100500 SERIES 
HM100500-18 
HM100500CG-18 
HM100500F-18 


¢ HM101494 SERIES 
HM101494-10/12 
HM101494F-10/12 


¢ HM101490-10/12 
¢ HM101504F-10/12 
¢ HM101500F-15 


HITACHI SALES OFFICES............ 


TABLE OF CONTENTS 


131,072-word x 8-bit CMOS UV Erasable and Programmable ROM . 
131,072-word x 8-bit CMOS UV Erasable and Programmable ROM 


32,768-word x 8-bit CMOS One Time Electrically ... 
Programmable ROM 

65,536-word x 8-bit One Time Electrically Programmable . . 
Read Only Memory 


131,072-word x 8-bit CMOS One Time 
Electrically Programmable ROM 


131,072-word x 8-bitCMOS One Time... .... ..... 
Electrically Programmable ROM 


131,072-word x 8-bit CMOS UV Erasable and Programmable ROM . 


262,144-word x 16-bit CMOS UV Erasable and Programmable ROM 


16,384-word x 4-bit Fully Decoded Random Access Memory 


65,536-word x 1-bit Fully Decoded Random Access Memory .. 


65,536-word x 4-bit Fully Decoded Random Access Memory 
262,144-word x 1-bit Fully Decoded Random Access Memory 
16,384-word x 4-bit Fully Decoded Random Access Memory ... 


65,536-word x 1-bit Fully Decoded Random Access Memory .... 
65,536-word x 4-bit Fully Decoded Random Access Memory ... 
262,144-word x 1-bit Fully Decoded Random Access Memory .. 


16,384-word x 4-bit Fully Decoded Random Access Memory ...... 


65,536-word x 1-bit Fully Decoded Random Access Memory 
65,536-word x 4-bit Fully Decoded Random Access Memory 


262,144-word x 1-bit Fully Decoded Random Access Memory .... 
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QUICK REFERENCE GUIDE TO HITACHI MEMORIES 


m@ MOS RAM 


Static 


16k-b 


—_ 
fo?) 
a 


— 
oe 
ac 











} Power *4 
Max | Max |" | [oo [eT [lo] [os [or [|] 

YT [efe| | | | | | | 64 
YF f[eje| | [| | | | | 6 
pee T fefe| [| [ | | | | 64 
YT fete; | [| | [| [ [ 64 
150 | 150 | f[efe;, | | | | | | 6 
cmos | 2048xg [|200_| 200 ' | {efe; | | | | [| [ 6 
| fel fei | | | | | 69 
| 150 | 150 Oimism | 4, | [et je] | | | | | 69 
[fel fel | | {| | | 69 
120 | 120 | fe; fei | | | [ [ 69 
5y/10m | feo! fe] | | J [ [69 
| fe; je} | [| | | | 69 
| [ [ fet | | [ [ | % 
i-CMOS | 30 | 30 0.28 | [| [ fet | [| [ [ | % 
Tt [ yet | | | tt 
| 30 | 30 | ee a ae aD Se 
| fel | | | | ft tf 80 
0.14/0.25 PF fel | | | TT [ T 80 
4096 x 4 | fe; | | | [ {| ff 80 
| 25 | 25 | PO ee ale 280 
5y/0.25 | fe; | | | | [ [ {80 
CMOS | 45 | 45 | | f[e| | | | | [ [ J 80 
| fe! | | | | J tT 87 
0.1m/0.2 jel | fy | ft tt a 
163841 [29] 55 | (es 5 eee ee ee 
| 35 | 35 | | fe; | | | | T [ J 87 
| 45 | 45 | 5u/0.2 [jet | | | | | fT Te 
| 55 | 55 | +5 | fe{| | | | | tf [87 
0048x9 [20] 25 | | oe | a tt tee} tt 74 
| 30 | 30 | TY {[ [ felt | | | | tT lm 
100 | 100 | jefe} | | | | fT J 94 
ness | fele| | | [| [| [ | 94 
| f[ejelfe; | | | [ | 9% 
0.1m/15m | fejeje; | | | | | 94 
| fefefe/ | | | | | 9 
[| [elele| | | | | | 9% 
8192 x 8 120 104/15m | fejefe; | | | | | 94 
CMOS | felfefe| | [| {| | | 94 
| jefefe; | | | | [ 9 
104/15m | fefele; | [| | | | 9% 
| [ejefe; | | | [ {[ 9% 
| 25 | 25 | Y | {[ [| [el [| [ fet | 103 
oimo3 {ott lel | | fel | 103 
“~~ lgopt_t [tet [TT tel | 103 
TY { [ fe; | [ [e; | 103 
16984 4 |-20-| 25 | i ek | a An 
| 35 | 35 | ' Tt tT fet [| T ft fT ft im 
Bi-CMOS | 20 | 20) | 02 |) | | tel | | | | [ 15 
rT { [ fel [| | [ [ [ 119 
3 Tt ft tet [| | [| tT ft tg 
Tr { [ fef [| | [ [ [ 19 
eee. eli eee 124 
cmos | 16384x4 [35 | 35 | Pee cae yee a ee ae 
(with OE) ie Pt fT tT tT et 7 124 
HM6289L-35 | | | | | ft | fe] f 124 

(continued) 
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= MOS RAM 
wer Power P *4 
Moe | Wal | Typeno | Process | Cer) | (ry | ay [ce | OSSBaON Pa 
- M i a GC aac 
| 25 | 
ae capa] | 023 | ise 
HM6789H-15 | | | jet | | felt | 142 
HM6789H-20 Bi-CMOS 24] | | fe! | | [e{ | 142 
HM6789HA-12 0.28 | {| { fel | | [el | 149 
HM6789HA-15 | | | fe{ | | fet {| 149 
HM6789HA-20 | | | jel | | [fe] | 149 
HM6287-45 | 45 | 45 | pt de Ee oe ae 
HM6287-55 | 55 | 55 | 0.1m/0.3 a Oe eh 87 
a rues @ PEs EEE Ere 
HM6287L-45 45 157 
HM6287L-56 cmos Psa 55 | | wos} [PP eT PP TT 67 
HM6287L-70 oe he Oe fee 57 
ae eae} | ms | tet 
Ee 164 
HM6287HL-25 65536 x 1 10/03 po fa 8 164 
HM6287HL-35 | 35 | 35 | | fe. 164 
a Fe [ome |g PERE oe 
35 | 173 
HM6787H-15 0.21 (SO) [ | [el [| [ [el | 17% 
HM6787H-20 Bi-CMOS | | | fel | | jel | 17 
HM6787HAJP-12 | {| { jet | | [el | 178 
HM6787HAJP-15 3 | | | fel | | fel [| 183 
HM6787HAJP-20 | | {| fe} | | fe] | 183 
HM62256-8 | feje| | | | [ | [ 189 
ae patie) feme | Fists 
HM62256-12 120 | 120 189 
oe ae ASEH ts 
189 
oa! ce je | Gee 
HM62256L-12 120 | 120 189 
Static | 256k-b | HM62256L-15 45 | jeje] | {| {| | [| 189 
| HM62256L-10SL | jeje| {| | | {[ [ | 189 
HM62256L-12SL 32768 x 8 10u/40m | 28{ Jelel | | | | J | 199 
HM62256L-15SL 150 | 150 | jeje; | | | f jf 189 
fo rete] [me | GEPBE Erte 
HM62832-45 45 | 45 197 
HM62632L-35 ova | fet TT Tet 1 97 
HM62832L-45 CMOS | {| [| je; | | [e; [ 197 
HM62832H-25 | | | fel | | [el | 197 
HM62832H-35 im/.3 | {| | fet | {| [e{ { 197 
HM62832H-45 | | | jet | [| fel | 197 
HM62832HL-25 | | | fe} | | Jel{ | 197 
HM62832HL-35 30m/ 3 | | {| felt | {| le} | 197 
HM62832HL-45 | 45 | 45 | | | {| jel | | fe} |{ 197 
aes Peed mine) ere cae 
HM6208L-35 | 35 | 35 | 10u/0.3 te tL 203 
HM6208L-45 Oe fe eh tp 208 
- Pete] [ome] CECB 
cea Petey] [eee |* FERRE ae 
HM6208HL-35 35 | 35 203 
fee fe ete [ee | ECCS 
HM6708A-15 | | fe} | | jel | { 27 
HM6708A-20 A | | fe} | | je} | {[ 27 
HM6708A-25 Bi-CMOS it ell bet bt 27 
sors poe) [= Eee 
HM6709-25 25 | 25 229 
HM6709A-15 21; {| | fe! | [| Jel | 229 
HM6709A-20 A | | {[ fe; | | [e| | 229 
HM6709A-25 | { {| jel {| | je|j {[ 229 
(continued) 
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QUICK REFERENCE GUIDE 


m@ MOS RAM 


Power Package *1 
Mode | Total Type No Process Mar Be Tunes) Tine vo car yal Page 
eee CUE ca ca 








joe | | m | 

[HM6207-35 | 01mi03 pi We Oe Tee i ii fa | ego 

ee — Pele ee te 236 

ct 10u/0 3 pe sees Ie = n@es i cake 2 296 

eer te CMOS | {| | fel | TT TT 236 

Meer Ze 25 04m/0.3 | | [| fel | | [el [ 243 
[HM6207H-35 | 062144 x 1 | ft | fet | fT fe] | 243 

256k-b | HM6207HL-25 | Mee 25 iowo3 |e tt | fel | ft fel [243 
VBQOTAL 3S —_ | 35 [ 35 | an | {| { fe} | [| fel [243 

HaMerOr20% | 20 | 20 | P| | tT fet Ty fel [250 
THM6707-25°3 | eo | 2524 = | | | fe} | | fel | 250 

HM6707A-15 Bi-CMOS | | {| fe; | | fel { 255 
HaMGTO7A-20 | | {| fe} | | fel {255 
THM6707A-25 tO. |e |. |. 255 

| THM628128-7°3__ | jefe? | | f | | | 261 
Static THM628128-8°3 _| 01m75m | jeje; | | | |] ff 26 
HM628128-10"3 | jefe; | | ft fT ft fT 261 
HM628128-12°3 131072 x8 > tefel | | | | | | 261 
HM628128L-7°7 One eeaee es 
HM628128L-8°7 10u/75m ON) od | 26 
HM628128L-10°7 | jeje; | | | | | fy 261 
HM628128L-12°7 | jeje! | | | | ft [261 
HM624256-35°3 0 1m/0.35 | | { fel | | fel | 269 

4Meb |HM624256-45°3 ao ||| tel | {| le} | 269 

| HMb24256L-35" | | do | 30 | 4m 35 | | | jo] | | jet | 2 
HM624256L-45°3 760144 x4 | | fT fet | | fel | 269 
HM624257-35°4 . Meteo eo ae hd Me ee oft 20S 
HM624257-45"4 01m/0.35 Pt tT fT | ct felt [2% 
HM624257L-35"4 +5 ea a ee ee ee 
HM624257L-45"4 | origc oy oe Oe ee ee 

ce HM66204-12"4 0.8m/50m Pt tT ty fe] 283 
RAM HM66204-15"4 a i i a ee 
Module HM66204L-12"4 40y/50m P| | ft tt feo] 283 
THM66204L-15°4 | a a ae a 

HM63921-20 | je} | | ft ft fT 289 

18k-bit | HM63921-25 i 2k x9 | jet [ | | | [ Tf 289 

_ e235 10W {og} fe} | | | | | [| 289 
[HM63941-25 | max. | fet | | fT tT tT 289 

36k-bit | HM63941-35 4k x9 | fet {[ | | | ft ff 289 
HM63941-45 | 45 | 60 | | fet} | fy ft Tf ff 289 
HM62A168-25 Beseig etc ell ees p tok Ot eid 

120k-b eA 35 (2 wa) oo pe Oe a ott 
|HM62A168-45 | 11 so Li | | | ft fel Tf si 

an Mente 25 25 ae (max ) eee h@y. ai 
ace | 428k-b MANGE 35 35 (2 way) | | | | | | fet | ft 3 
RAMs Meee 5 | {| | | ft fel {Tf 3t 
aware 20 | 20 Ft | tT tt fet ff 39 
|HM67C932-25 |p onagg | 32kx9 TBD a _ttt i | fel | | 31g 

956 k-b LHM67B932-20_ | (4 way) a2 Cee ee: 

HM67B932-25 ee a ee 

; 1 25 16k x 16 25 Am/1.2 a i a | | | jel 333 
aaa | HB66B1616A-35__| (module) | 35 | 35 | ele hh i ee ec IO 383 
Module Sees cmos | 206kx8 [25 | 25 | Bm/2 4 fa | | fe] 343 
EN eO SS 35 (module) ee ee salen bt matt 2s) 8de 

TAG | 5, |HIM644392-25 2k x 20 Pen i Nc Nee Pen Pathe Sos dead 
RAM HM644332-30 (tag ram) max Sea eee eee 
+Data sheet not included in this manual. Request data sheet for HM67B932. (continued) 
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QUICK REFERENCE GUIDE 


m= MOS RAM 


Mode | Total Type No rpaa 


V) (W) 
HM65256B-10 100 
HM65256B-1 120 | 190 
HM65256B-15 
HM65256B-20 
HM65056BL- 32768 x 8 2m/0175 | 28 
HM65256BL- 
Static HM65256BL-20 


2 
10 
12 
HM658128D-10 
HM658128D-12 Shas 
HM658128D-15 
HM658128L-10 131072 x 8 
HM658128L-12 
HM658128L-15 


0 5m/0.2 
HM63021-28 
16k-b | HM63021-34 2048 x 8 025 
HM63021-45 
HMS3051-45 
web | HSeHS 262144 x 4 
HIM53461-10 
HMS3461-12 
HMS3461-15 
HM53462-10 | CMOS | Multiport 


HM53462- 
HM53462-15 


HM538121-10°3 
HM536121-12°3 
HM596121-15°3 
ase HM538122-10°3 
ean HM538122-12°3 131072x8 [42 
HM538122-15°3 
HM538123-10°3 
HM536123-12°3 
HM538123-15°3 
typ | HM534251-105 
HM534251-11°3 
HM534251-12°3 
HM534251-15°3 
HM534252-10°3 
HM534259-11°3 TMhioor 00 
HM534250-12°8 120 
HM534250-15°3 
HM534253-10°3 
HM594253-12°3 


Power 


Package *1 
Dissipation 9 


mo) 

fat] 
io} 

fo) 





th ff eek ff | AD] a} |] a fj NO ee 
HIP |OIS/ QR ai aio 
ClO OlMOls | Olhme|[Oie 
fo =_ Roj— |] Ro 
Cn Slao|LleslslaoiLVies 
OSpOolpPoloino|ioeiq@/|(n 


sf me jf 

BiG! GPP |G1I Ro | oO 
CLA Sl | Olrololoe 
ROipoj— 

/ H/C! P/O! 34 | 
NH Oy RCO; ole 


—_, 
oS 
low] 
— 
i<o] 
© 


65536 x 4 


256k-b 


ae ees ere Pee 
N1S [O71]; Po 
COlOo|Ole 
RO }—4 [RO] 
NO] | Sd} RO 
O]Oj;o|e 


—_, 
ao 
© 
NO 
[op] 
fan] 





969 
569 
569 

0 | 220 | +5 444 


ek | ek | ek 
Nyloo 
Ooo lem 
NO jf [PO 
pea ised ep) 
COlolio 


~~ no no wk wo 
o & © oo it 





mn 
me] 
N 
aq 
Q 
a 

> 

> 

_ 


— 


150 | 260 470 
Ee 35m/0 55 ee 

469 

469 

190 516 

1 28 516 

516 

516 

542 

120 | 220 542 

HM534253-15"3 542 
HM50464-12 590 
HM50464-15 65536 x 4 18 590 
HM50464-20 | 200 | 330 | 590 
HM50256-12 | NMOS 120 | 220 20m/0.38 598 
HM50256-15 598 
HM50256-20 | 200 | 330 | 598 
HM51256-8 | 85 | 155 | 606 
Dynamic 256k-b HM51256-10 16 rc 606 
HM51256-12 262144 x1 1205 18 | je! fel | 606 
HM51256L-8 je] | je| je} | | 606 
HM51256L-10 je| | je! le; | 606 
HM51256L-12 120 | 210 fe] | fe; fet | 606 
HM51256L-15 150 | 250 @; | je; jel | 606 


(continued) 
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QUICK REFERENCE GUIDE 


m= MOS RAM 


ae Package *1 
" . BOGOGE 






pnw |G | Pe jor [ae | 

HM51258-8 | je; | | | ft | tf 64 
260144 x1 omo.35 | 16 Let | | i ft tt Tf 614 
| fe? | | | | ft CT 644 
150 | 250 | fet | | | | | ff 614 
| 80 | 160 | | fe| | fe] | je; | 623 
| jet [ Jel | Jel | 623 
| je] | fe! | fe] | 623 
| 80 | 160 | | fe, [| je] | fel | 635 
700 | 190 10m/0.33 | je] | je] | fel] [ 635 
| 120 | 220 | | je; | fet | jel | 635 
| 80 | 160 | | je; | fe] | fe; {| 635 
| je; | fel] | Je} | 635 
| je; | jel | jel [ 635 
| 60 [ 120 | je; | fe] | fe} | 651 
| je! | je] | je; [ 651 
| 80 | 160 | | jet | fel | [ef [ 651 
| je! | je} | Jel} { 651 
| je! | je] | jel { 651 
| 60 | 120 | je! | fel | fe|{ [ 667 
} je! | je] | je! {| 667 
| 80 | 160 | | fe] | fe] | fel [ 696 
| fei [| je; | fe! | 696 
40m/0 375 | je] | jel | Jel | 696 
| 80 | 160 | | je| | fe] | jel] [ 696 
100 | 190 | fet [| je} | Jel | 696 
| je] [| je; | je} | 696 
| 60 | 120 | | je; | jel] | fel [ 7 
| jet | fe] | fel | 71 
Dynamic} 1M-b CMOS | 80 | 160 | +5 | [el | je; | Jey | 71 
100 [ 190 | fet | fe; | fef [71 
1048576 x 1 | je] | je} | fej [ 7H 
| 80 | 160 | | je; | je; | je} | 7 
| je; | jel | je; {[ 71 
| je} | jel | fe; | 711 
| 80 | 160 | jet [ je} | jel | 725 
10m/0.35 | je; | fe! | fe; [72 
| fet | fel | fel [ 725 
| 80 | 160 | | je| | je] | fel [ 725 
10m/0 375 | je} | fe} | jel [ 725 
120 | 220 | je; | fe] | je} | 725 
| 80 | 160 | | fet {| fe| | [el | 737 
| je] | je} | je} [ 737 
| je] | fe] | jel | 737 
| 80 | 160 | | je! | fe; | fel [ 737 
| je| | je} | je} { 737 
| je; [| fel | Jel [ 737 
| 60 [ 125 | | je; | fe; | fet {751 
| jel | jel | jel | 751 
| 80 | 160 | | je! | je] | jel { 762 
| je} | fel | je} [| 762 
120 | 220 | | je] | fel | jel | 762 
| 80 | 160 | | jel | jel [| fel | 773 
10m/0.35 | je} | fe] | Je} | 77 
| 80 | 160_ | je; | je] | jel [77 
| 80 | 160 | | je{ | je! | fel | 86 
700 | 190 | je; | je] | je] | 86 
120 | 220 | jet | fe] | fe} | 86 
(continued) 
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QUICK REFERENCE GUIDE 


m@ MOS RAM 


Type No 


Process 


Organization 


(word x bit) 





Time 


Supply 
Voltage 
(V) 


Power 
Dissipation 
(W) 


M M 
HM511002A-8 | 80 | 160 | 
CMOS 11,048,576 x 1 10mm/0.45 
120_| 220 
| 40 | 80 | 
| 45 | 85 | 
| 40 | 80_| 
| 45 | 85 
| 80 | 150 
ne 
a 
Dynami 
| 80 | 150_| 
1,048,576 x 4 
uh ai a0 [0 
pee 
ss | 80 | 150_| 
120 | 210 
| 80 | 150_| 
1,048,576 x 4 
— 150 | 280 
262144 x9 
100_| 180 
| 120 | 210 | 
100 T1007] gy 
120 | 210 | 
1048576 x 9 20m/1.6 
100_| 190 
DRAM CMOS | 80 | 560_| 
Mode 
120 _| 400 
| 80 | 630_| 
1048576 x 9 
| 80_| 630 
| 60 | 180_| 
262,144 x8 | 80 | 132 
| 120 | 94 | 
| 85 | 202 | 
262,144 x9 
120 | 144 
@) HITACHI 


xviil 


Package *1 


N 
S 


co 


me) 


(continued) 
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QUICK REFERENCE GUIDE 








m@ MOS RAM 
M ee Cc 
| | | tT tt el 979 
262,144 x 9 30; [ [| [| | | TT [el 979 
|| [| | | fT tT [el 979 
| 85 | 160 | Oe: 
262,144 x 36 {100 | 190_| 126/4.24 | tt Tt eT TT Tel] 991 
oi ttt tt yy fel 901 
| 85 | 160 | | | fT yy TT Te J 1003 
524,288 x 36 P| | tT tT | fe | 1003 
| 120 | 220 | | [| tT tT TT Te | 1003 
aT | 80 | 160_| | | | Tt TT Te | 1027 
Module cmos 4,194,304 x 9 | [| | | ft tT TT fe [1027 
5V 99 _/} | tt tf fe | 1027 
| 80 | 160 | | {| | tT TT tT fe] 1015 
4,194,304 x 8{ 100 | 190_| 2 ee ee ee 
AN-b ber Pte he eso ee] 1015 
104s 576. 80 160] | | tT ct hy hy TT fe | 1039 
36 | | tT tT dT hy he fe] 1039 
| 120 | 220 | Sv mot_ttti | | | | fe | 1039 
> o97t52 1-80 | 160 ]+5%| 252mv5.57 | “| | [ | | fT | Tt fe | 1049 
x36 | | | | Tt tT fe | 1049 
| | tT tt TT TE fe | 1049 
m@ MOS ROM 
*4 
" enno | | P| FP 
Dich | [ele | 1060 
| [@ le | 1063 
| [@le | 1069 
28 | [ele | 1066 
| [ee | 1077 
1M-b 131072 x8 | [@ le | 1077 
| [@ |e | 1077 
go |_[@ 1 | 1069 
| [ele | 1080 
131072 x 16 40/4412 | © 1083 
Keak cmos [or b2i44x8 | 200 | 5 5/01 | je |e | 1083 
262144 x 16 4/4412 | © | 1087 
or 924288 x 8 | jee | 1087 
a9 |_l|e le | 1091 
| [ele | 1091 
AMD neoaig 262144 x 16 | 40 {| [el] | 101 
or 524288 x 8 44/48 [ele 1101 
| 32 | [ele| 107 
| 512Kx8 | 100 | 40 [ [ele | 1095 
44/48} | | @ | 1095 
mer] [aS elle] 
(continued) 
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QUICK REFERENCE GUIDE 









=m MOS ROM 
Access 
. Power Package *1 
Program Total Type No. Process Organization Time Dissipation Page 
Bit (word x bit) ns) (W) Pete 
aX Pino | G FP 
HN62308B | 32 | lelel 119 
IMx8 
ie, a we To fe 
ectrically 
ena Sonne 
rogrammable HNee06525 | 
[oo aS | os estas 
| [ele] 1156 
oe fo] [yrs 
HN27C256A-12"3 39768 x8 05/01 | 56 fe} | | 1158 
256k-b je] | | 1158 
015 St 1166 
| 8 1166 
: | 65636x8 | SY fe| | | 176 
UV Erasable es i re] |_| 176 
& Elctaly eee Po | wo fet ff 
Programmable 244 1183 
| 170 | 45 1192 
in fe [ || se 
ee em ie 1 ae 
je] | | 1200 
ae 1200 
| 250 | 1200 
| | fel 1209 
ee oui sec 1209 
| 250 | 1215 
ee ie ade fel) 1215 
| jeje} 1222 
ee | jefe! 1222 
Electrically 131072 x8 [ele 1299 
Programmable 39 
| jeje! 1229 
1M-b CMOS 0 5y/01 
HN27C101-AG 128k x 8 je] | | 1237 
ois te 1237 
40 1247 
nee 
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QUICK REFERENCE GUIDE 





m@ ECL RAM 
L Total Organization Package *" 
evel Type No Output Page 
aio _ Ge OO pole [Tape 
26 FOS} 1258 
sai COME: 
22 fot S 1263 
ECL 10K 52 jefe] | | 1263 
26 | +24} 1267 
256k-b | fe} | | 1267 
24 te! | [| 1269 
jae peter te 1273 
jefe! je! 1273 
Bak-b jeje! |e! 127 
65536 x 1 at 22 aoe 1277 
je| je} 1277 
28 | +24} — 1281 
256k-b | je} | | 1281 
ECL100K nee | 05 [easlelele| | 1282 
Rages 1285 
jeje] | | 1285 
57 22 pepe 1289 
64k-b 52 |_| jeje! | | 1289 
65536 x 1 | | HEHE 1293 
| fe} || 1293 
es ee 


Notes) *1 The package codes of G, F and CG and applied to the package material as follows 
G, cerdip, F, Flat Package, CG, Ceramic Leadless Chip Carrier 
*2 Maintenance Only This device is not available for new application 
*3 > Preliminary 
*4 Under Development 
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Mi PACKAGE INFORMATION 





@ Dual-in-line Plastic Unit: mm (inch) Scale 1/1 






@DP-16B @ DP-18B 







19 2(0 756) 
to ___.20 32max 
lis (0 800max ) 
sGacseaatale 






22.0(0 866) 


r 22 86max (0 900max ) r 





| 6.6 | 
(0 260) 
1 3max 

(0 287max } 





1 3(0.051) 









H ' 


2 54min = 5 O8msx. 
(0 100min) (0 200max) 







(0 100min) 5 08max 
(0 200max ) 
_ 
rT 
vy 





2544025 04840 
(0 100+0010) (019+ 


05min 
(0.020min ) 


048+01 254+0 25 
(001940004) (0 100+0010) 









@DP-20N 





@DP-18C 





25 40max 



























22 26(0 876) 
| 18 22.86max (0.900max.) ; 
2=s ‘Loss 13 a: 162 
c 
t 9 7162 (0035) oth c E xe (0 300) 
1 3(0 051) me E_S—ES 
3 (0 300) ~=-§ Bate 
Es pole|ans 
ns Boe 
= acs ao ih E= 
ma ed wee 25%9 08 gE oe oo8 
, : } : ! , . | : Ha -f ltt ae sf A oe 
|. #8 ss 2544025 aa eo 0~ 15 (0 
to) 46 2S4t008 = = (0100+0010) (001940004) 


( 


048+0) 254+025 
(0019+0004) (0 100+0 010) 





@ DP-22N 






@DP-20NA 


27 08(1 066) 
27 90max.(1 098max ) 





248(0976) 
[20 25 40max (1 000max ) i] 









(0 260) 
7 Omax 
(0 276max ) 








c Ys 
§ 8s Bs 
(STSR a 
2, He 5 
er we 
LEE —~)s ¢ 
3 & < es 
er ee : ne £ 2& 
254+025 048 +01 ° = 









2544025 


(0 100 +0010) (0019 + 0004) 048+01 
(0 019+0 004) (0 100 +0 010) 
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PACKAGE INFORMATION 


@ Dual-in-line Plastic Unit: mm (inch) Scale 1/1 






@ DP-22NB 








31 6( | 244) 
2 32 Smax (1 280max ) 13 









27 90max (1 098max ) 







| 134 | 
(0 528) 
14 6max 
(0 575max ) 


1 3(0 051) 


iat) 


0 88(0 035) 





The . 
















ue 047 ~ 7 
3 ee) —_— (0 600) 
a c x 
= —E-S,2 5 
5 Aes | 02574 Sfeins 
e's 8 (9 01078 8 cc 
aS &&§ 9 2070 
048+01 254+025 = 254+025 an 048+0! wat ae iors 
(0 019 +0 004) (0 100 +0 010) (01000010) § (001940004) o O~IS (0 






















@ DP-24A @ DP-24N 









30.4(1 197) 
31 75max (t 250max ) 


posnront 


faite 


(0 043) 
(0 aeit 









30 48(1 200)max 
29 62(1 166 









66 
(0 260) 


7 Omax 
(0 276max ) 


74(0 383}max. 
9 14(0 360) 














10 16(0 400) 


— 


I 
| | 089 1 300 12 
(0 035) (0 051) 












5 816 200)max. 


ui 


051 
‘0 U2Omin } 


0.51(0 020)min 










- 








| 27 048+0 10 +0 25 
(0 050)max (001940004) é Todo 010) 


2 54min 45 O8max 
1.0 100min ) (0 200max ! 





2 54(0 (00)min 







well 2540 25) 
048 +0 | 
(0.019 40 004) (9 100 £0010 






@ DP-24NC 





29.88(1 176) 
30 48max (1 200max ) 
















x5 
ES 
oo 
on 
me 
cle 
E\E 
048+01 254+025 518 
(0 019+ 0 004) (0 100 + 0 010) “oe 
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PACKAGE INFORMATION 


@ Dual-in-line Plastic Unit: mm (inch) Scale 1/1 


@ DP-28C 


34 70 (1 366) 


35 6(1 402) 28 35 56max (1 400max ) 15 


28 * 36 Gmax (1 44¢tmax ) 


9 64 (0 380) 
9 9imax 
(0 390max ) 


(0 528) 
14 6max 
(0 575max ) 


al 089 1113 14 


1524 (0 035) (0 051) 


0 Simin 
(0 020min ) 


2 54min"5 Tmax 


(0047) 


(Bde 7 
ott 
25-00% 
fe | | 2544025 | 048+£0 1 M ae 
51308 A 038 
| | 2544025 | 048t01 Baier) {0 100 +0 010) (01920 004) ~ 15° {9 010-9 
(0 100 +0 010) (01940004) “S o'~15° BEE (ad 


Simin 
(0 020m:in ) 
S4min 5 7max 


0 
{0 10min ) (0 224max ) 


GOmin ) (0 224max ) 





@ DP-28N 


36 O(! 417) 
37 32max (1 470max ) | 
15 









| 6.60 | 
(0 260) 


7 3max 
(0 287max ) 





| 14 
1 30(0 051) 
7 62(0 300) 
si 
ES 
= z aN 
ets VU 92578 
S = Ss (0 ois 2 


048+01 254+0 25 
(0019+0004) (0 100+00I0) 


41.9(1.650) 


42.5max.(1.673max.) 7 


13.7max.(0 539max.) 


13 4(0 528) 


| 
05Imin 
(0 020min ) 


5 08max 
(0 200max ) 


2.54+0.25 
(0.100 +0 010) (0 019+0 004) 


2 54min. 
(0 100min.) 


52 8(2 079) 
54 Omax (2 126max ) 


(0 528) 
14 6max 
(0 575max ) 


(0 020min ) 
5 08max 
(0 200max ) 


2544025 | 048+01 5 
(0 100 +0 010) (0019+0004) 3 
N 


DAA AAAA ALARA AA 6 


(0 100min ) 
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PACKAGE INFORMATION 


@ Duail-in-line Plastic Unit. mm (inch) Scale 1/1 


52 8(2 079) 


~~ 
= 
0 
E 
wn 
~ 
wy 
i=) 
= 


{0 020min ) 


254min 5 08max 


254+025 
(0 100 + 0.010) 





Applicable ICs 


DP-16B 
DP-18B 


DP-18C 


DP-20N 


DP-20NA 


DP-22N 


DP-22NB 


DP-24 
DP-24A 
DP-24N 


DP-24NC 


DP-28 


DP-28N 


DP-32 


DP-40 
DP-42 








11M50256P Series, HM50257P Series, HM51256P Series, HM51256LP Series, HM51258P Series 

HM50464P Series, H1M50465P Series 

HM53051P, HIM511000AP Series, FIM511000SP Series, HM511000HP Series, HM511001AP Series, H1M511001SP Series, 
HM511002AP Series, HM511002SP Series 

HM6168HP Series, HM6168HLP Series, HM6268P Series, HM6268LP Sertes HM6167P Series, HM6167LP Series, 

HM6167HP Series, HM6167HLP Series, HM6267P Series, HM6267LP Series 

1HIM514256P Series, HM514256AP Series, HM514256SP Series, HM514256HP Series, LHM514258HLP Series, 

HM514258SP Series 

HM6287P Series, HM6287LP Series 

HM6288P Series. HM6288LP Series, H1M6788P Series, HM6788HP Series, HM6287HP Series, HM6287HLP Series, 

HM6787P Series, HM6787HP Series 

HM6116P Series, HM6116LP Series, HM6116AP Series, HM6116ALP Series 

HM53461P Series, 11M53462P Series 

HM6116ASP Series, HM6116ALSP Series 

11M6716P Series, HM6719P Series, HM6789P Series, HM6789HP Series, HM6208P Series, H1M6208LP Series, HM6208HP Series, 
HiM6208HLP Series, HM6708P Series, H1M6207P Series, HM6207LP Series, HM6207HP Series, HM6207HLP Series, HM6707P Series 
HM6264P Series, HM6264LP Series, H1M6264LP-L Series, HM6264AP Series, HM6264ALP Series, HM6264ALP-L Series, 
HM62256P Series, HM62256LP Series, HM62256LP-L Series, HM65256AP Series, HM65256BP Series, HM65256BLP Series, 
HIN623257P, HN623258P, HIN62321P, HN62321BP, HN62331P, HN62321EP, HN62331EP, HN62321AP, HN62331AP, HN58064P, 
HN58C66P, HN58C256P, HN27128AP, HN27256P, HN27512P 

HM6264ASP Series, HM6264ALSP Series, HM6264ALSP-L Series, HM65256ASP Series, HM65256BSP Series, 

HM65256BLSP Series, HM63021P Series 

HM628128P Series, HM628128LP Series, HM658128DP Series, HM65256ASP Series, HM65256BSP Series, 

HN27C101P Series, HN27C301P Series 

HN62412P, HN62422P, HN62404P, HN62424P 

HN62408P, HN624016P 
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PACKAGE INFORMATION 


@ CERDIP Unit: mm (inch) Scale 1/1 


@ DG-20N @ DG-22N 


25.16(0.991) 
27 18(1 070) 
| 20 i | ' 
id 
ONY 


101 154] | 10 HL 1 §4(0 061) He 11 
1 O1(0 046, 7 62(0 300) 


(0 040) (0 061) 


0 25°38 % 
(0 01 +3 Bi) 


28min 5 84max 
(0!!0min) (0 230max) 


2 54min 5 08max 
(0 100min ) (0 200max ) 


048+01 254+025 
2542025 048+01 


@DG-24V 


gzaer 
(pore 


15 24 


| (0 600) | 


~ 
£ 
E 
w 
° 


¢ 
a 
OO 


89max 
(0 231i max ) 


Jo 
254+0 25 | 


(0 10040 010) 048+0! 
(0019 +0 004) 


+0 33 
9 29-6 0 one 


(0 910" 002 


wn 
e 


2 54min 
(0 109min)} 5 


@ DG-28N 
34 71(1 367) 


aA a 14 
0 93(0 037) i 4(0 055) 10 16(0 400) 


28min 5 30max 
(0 140min ) (0 209max) 


048+01 254+0 25 
(0 019+ 0004) (0 100 +0010) 
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PACKAGE INFORMATION 


@ CERDIP Unit: mm (inch) Scale 1/1 


(1 650) 


(0. 015min ) 


0 48+0 1 
(0 10040 010) (0 019 £0 004) 


_~ 

= 
g 
—4 


@DG-40A 


52 07(2 050) 


1 | | 
1 32(0 052) 


15 24(0 600) 


{0 248max ) 


TUUGUUU UL 2, 


(0 100max ) (0 100 + 0 010) (0 019+0 004) 





Applicable ICs 


DG-20N | HM10480-15, HM100480-15 

DG-22N | HM10490-15, HM100490 Series 

DG-24V_ | HM10500-15 
HN27128AG Series, HN27256G Series, HN27C256G Series, HN27C256AG Series, HN27C256HG Series, 
HN27512G Series 

DG-28N | HM10494 Series, HM100494 Series 

DG-32 HN27C101G Series, HN27C301G Series 

DG-40A | HN27C1024HG Series 


DG-28 
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PACKAGE INFORMATION 


® Zigzag-in-line Plastic Unit: mm (inch) Scale 1/1 


@ZP-16 


sy 
7) 


25 61(1 008) 


—__ 20.13(0 793) 26 imax (1 028max ) 
20 65max (0 813max ) , 
ee 


8 30max 


Se" 327max 


675_ 
2 80min (0 266) 
| ssi | 
{0 335) 
10 !6max 


(0 1 10min ) 


———— 
; 
| 


0 119min )(0 400max ) 


nN 
So 
2 80min 


oss 050i | L220 080) 


(0 020°) 3 
254(0 100) | | | |S | a | 
Crrrrrryrre dy 


nn 


048+01 {i 27(0 050) 


(0.019 0 004) 


285 
(0112) ¢ 


Led 
285 
(0112) 


@ZP-28 


=e 3050(1 20!) 35 58(1 401) 
31 00max (1 220max ) 36 57max (1 440max ) 


~~ 
wn 
etl 
m 
oOo 
= 
wn 
o 


om 
< x 
i) 
EE 
oS 
-—9s 
ov 
j=2 
—] 
~ 


2 
bud P4 
os Ss 
— éS 
fr Lan) 
CO =_ 

¢ 
is 
oOo 
28 S 
N 


Es 
x 
0 
E 
3S 
° 
2 
= 
S 
E 
S 
° 
= 


O25%o 0 
(0 01078 003) 


2 54(0 100) 


1 


2 
050-0 _ | 0 507932 1 27(0 050) 
0005 


(0 020*9 Soa) 


bf fn fo 
V2 UU oT Uo 





Applicable ICs 
ZP-16 HM50256ZP Series, HM50257ZP Series, HM51256ZP Sertes, HM51256LZP Series 
HM514256ZP Series, HM514256AZP Series, HM514256SZP Series, HM514256HZP Series, HM514258AZP Series 
ZP-20 HM514258SZP Series, HM511000AZP Series, HM511000SZP Series, HM511000HZP Series, HM511001AZP Series, 
HM511001SZP Series, HM511002AZP Series, HM511002SZP Series 
ZP-24 HM53461ZP Series, HM53462ZP Series 
ZP-28 HM534251ZP Series, HM534252ZP Series, HM534253ZP Series 
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PACKAGE INFORMATION 


@ Flat Package Unit mm (inch) Scale 1% 






@®FP-28D 





@FP-24D 







15 80(0 622) 







18 30(0 720) 


18 75max (0 750max ) 








11 80+0 30 
(0 46540012) 









11 80+030 
(0 465+0012) 


01728 88 
0 895 (0 007 + 0 003) 













(0 007 + 0 003) 













Statetatstelalets'aletatelm 
127+015 (= 
(o0s0+0006) & 

oO 


f= 
2 5O0max 
(0 098max ) 





127+015 
0 40*8 }, (0 050 + 0 006) 
(0 01628 994) 


2 50may 
(0 098max ) 






040°°! 


005 


(0 016°° 0%) 


0 002 





(0 004min ) 






@FP-28DA @FP-32D 





20 45(0 805) 
"30 95max (0 B25max) 

















1} 8020 30 
(0 465 +0012) 





1} 7max(0 461max) 


100 (0 039) 














0 1728 99 
0 895 (0 007 +0 003) 


0 13 
O22 has 
(0 00973 by) > 





























an | 00max 
x 4 (0 039max) 
ES 
o_— 
Oo 
1274015 cl ™o 0 4075 os AG 
o4ore' = (0 050r0006) S/F (0 01675 Oo9) c 1 27(0 050)} 5G x] x 
~ ~“- 2 OQ1om 
* - E 
(0 01679 04) ° so ~~ —t@{0 120 005)MJofP wis 
Oo 







@FP-44A @FG-20D 






17240 3(0 677 +0 012) 





14 0(0 551) 2 90(0 114) max 






























- 0_1(0 004) Lt 68max (0 460max) 

= (STAND OFF ; Me 

es | cif 

° e\§ 
rlo 
ols 


172+0 3(0 67740 012) 
14 0(0 551) 


! (0 394max ) 





24 5max (0 965max ) 
{Omax 


0154005 
9.350 05 _| io 1500 006) M]  — Oooo co 
fo olato oor) ee (0 006 +0 002) 















i} 
| 10 13+0 05 
(0 005 +0 002) 
Ho. _ 8 “TTL o95+019 
043+01 | 27+02 _ (0 037 +0 007) 
F 08 (001740004) (9 050+0008) 2 35max 
[ajo 10(0 004) (0 031) (0 031) (0 093max ) 
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PACKAGE INFORMATION 


@ Flat Packages (continued) 











@® FG-28D @ FG-24A 
——— Oo 
—— G 
SLT Cc 
on a ass a 
2o ee) 22 © 3 iw] 
o>. 3] 66 a 
pw #41 SS co 
iw aon all Yd c 
8/8 2s —————} 288) 88 
218 a o>? RRS oS An tw} 
ain 8 x 5 2 ed = i 
= Sd 
? = . ele - B 
ols » =18 - -[- Bereemantenaaa 
boo) 1 Lot Lind 
& “jo 
bai 13 82 (0544) 061 (0.025) = 
ei 13 $2 (0 532) {AX Be 
218 eo 
ale 2434 (0 958) MAX(RET) oa 
BA os 
27 94min 318 a Ze 
an Se at Oe ee ee Plo 
I vee, (ft imin) peppers 1 [= $% 
——— SSS os 
8 3's S 
Ba td [ Benj. cua olo 
an 10 2max + (0 402max) Hid 
o|2 = 3 
nw] So ° 
£ e 





Applicable ICs 


FP-24D | HM6116FP Series, HM6116LFP Series 
HM6264FP Series, HM6264LFP Series, H\16264LFP-L Series, HM6264AFP Series, HM6264ALFP Series 
HM6264ALFP-L Series, HNS8C65FP Series, HINS8C66FP Series, HNS8C256FP Series 
HM6264FP Series, HM6264LFP Series, HM6264LFP-L Series, HM6264AFP Series, HM6264ALFP Series 
HM6264ALFP-L Series, HM62256FP Series, 11M62256LFP Sertes, 11M62256SLFP Series, HM65256BFP Sertes, 
HM65256BLFP Series, HN623257F, HN623258F, HN62321F, HN62321BF, HN62331F. HIN62321EF, HIN62331EF, HNS8C65FP, 
HN5S8C66FP, HNS58C256FP, HN27C256FP 
HM628128FP Series, HM628128LFP Series, HM658128DFP Sertes, HM658128LFP Series, HN62321AF, 
HN62331AF, HN62304BF HN62324BF, HN27C101FP, HN27C301FP 

FP-44A | HN62412FP, HN62422FP, HN62404FP, HN62424FP, HN62408FP 

FG-20D | HM10150Ur- 15 

FG-24A | HMIOISWF-15 

FG-28D | HMI0049F Series 








FP-28D 








FP-28DA 





FP-32D 











@ TSOP Packages 


@® TFP-32D @ TFP-32DA 
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—_—————_ PACKAGE INFORMATION 
@ Leadless Chip Carrier 


@ CG-22A @ CG-28A 
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@ Flat Packages (J-Bend Leads) (continued) Unit: mm (inch) Scale 114 


@ CP-32D 
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Applicable ICs 














HM6787CG Series, HM100490CG Series 
HM10490CG-15 

HM2144CG Series, HM10480CG-13 HM101ISWCG-15 
HM100500CG-18 

HMS50464CP Series, HM50256CP Series, 11M50257CP Series, HM51256CP Series, HM51256LCP Series 

HM514256JP Series, HM514256AJP, 11M514256SIP Series, HM514256HJP Series, HM514258AJP Series, HM514258SJP Series, 
HM511000AJP Series, HM511000SJP Series, HM511000HJP Series, HM511001AJP Series, H1IM511001SJP Series, 

HM511002AJP Series, HM511002SJP Series 

HM6288JP Series, HM6288LJP Series, HM6289JP Series, HM6289LJP Series, HM6789JP Series, HM6789HJP Series, HM6287HJP 
Series, HM6287HLJP Series, HM6787HJP Series, HM6208HJP Series, HM6208HLJP Series, HM6708JP Series, HM6207HJP Series, 
HM6207HLJP Series, I1M6707JP Series, 

TIM624256JP Series, HM534251JP Series, HM534252JP Series, H1M534253JP Series 
HM624257JP Series, HM624257LJP Series 

HM538121JP Series, HM538122JP Series, H1M538123JP Series 
CP-44 HM67C932 Series 

CP-52 HM62A 168 Series, HM62A 188 Series 














CG-28 
CG-28A 
CG-28B 























CP-20D 














CP-24D 























CP-32D 
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Mi RELIABILITY OF HITACHI IC MEMORIES 


1. STRUCTURE 

IC memories are basically classified into bipolar 
type and MOS type and utilized effectively by their 
characteristics. The characteristic of bipolar memo- 
ries is high speed but small capacity, instead, MOS 
memories have large capacity. There are also dif- 
ferences in circuit design, layout pattern, degree of 
integration, and manufacturing process. These 
memories have been produced with the standardized 
concept of design and inspection all through the 


® Table 1 Basic Cell Circuit of 1}C Memories 







Classification 


—_ memory, 
control memory 
of high-speed 
computer 







Application 


Example of 
basic cell 
circuit 


Dies of 1C memories are produced in various pack- 
ages. In this process of packaging, Hitachi has also 
innovated new techniques and ensured to high level. 
As packages for IC memories, cerdip (glass-sealed) 
packages and plastic packages are currently used. 
Also such packages as LCC (Leadless Chip Carrier) 
or SOP (Small Outline Package) have been devel- 
oped for high density packaging. Cerdip packages 
sealed hermetically are suitable for equipment re- 
quiring high reliability. Plastic packages are widely 
applied to many kinds of equipment. Hitachi 
plastic packages have been improved the reliability 


@ Table 2 IC Memory Package Outline 
® Cerdip 





Re memory ’ 
(Dynamic Re 


BIPOTRA ras Bipot memory 
(PROM) 

Microcomputer 

control use 


processes of designing, manufacturing and inspec- 
tion. 

IC memories are constituted by the unit patterns 
called cells, which are integrated in high density. 
The knowhows based on our experience have been 
applied in every production stage. In addition, re- 
liability has been ensured using TEG (Test Element 
Group) evaluation. Examples of cell circuits of 
bipolar and MOS memories are shown in Table 1. 








AI AA 











v () . 
memories 
Static RAM 


U NMOS memory 
(PROM) 


For 


microcomputer 
control 


Main memory of computer, 
microcomputer memory 





level as highly as that of the hermetically sealed 
packages. Table 2 shows the outlines of the Hitachi 


packages. 





® 16 pin ®@ 18 Pin @ 20 Pin @ 24 Pin 
€ HITACHI 
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Reliability of Hitachi IC Memories 
@ Cerdip (continued) 


® 28 Pin with Lid @ 32 Pin with Lid 


@ Plastic DIP 
@ 16 Pin ® 18 Pin 


@ 28 Pin 


® Leadless Chip Carrier 
@ 20 Pin @ 22 Pin @ 24 Pin 





= SOP = PLCC # SOJ 
@ 24 Pin ® 28/32 Pin @ 18 Pin @ 20/26/28/32 Pin 
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2. RELIABILITY 


Results of reliability tests are listed below. 


2.1 Reliability Test Data on Bipolar Memories 

The reliability test data on the bipolar memories are 
shown in Table 3 and 4. Since they are manufac- 
tured under the standardized design rules and quali- 


Reliability of Hitachi IC Memories 


ty control, there is no difference in reliability 
among the various types. And the larger the capac- 
ity is, the higher the reliability per bit becomes. 


®@ Table 3 Results on Bipolar Memory Reliability Test (1) 





HM10480-15 

Test item Test Total | pai 
oe component 

condition anne ures 








er Ta=125°C CH i/h 

t t : 340 ae 

(Operating) VEE=-5.2V 3.4x10° 2.7x10° 
High-temp tans 

fella Ta=200°C 3.51x10° ea 


* Confidence level 60% 













Failure 
rate* 


(1/hr) 


HM2144CG 


Total y Failure 
component ake 
ie 
1/h 
7.7x10°° 






Test 
condition 


Ta=125°C 
VEE=-S5.2V 





®@ Table 4 Results on Bipolar Memory Reliability Test (2) 


Test item Test condition 


Temperature cycling ~55°C to +150°C, 10 cycle 
260°C, 10 seconds 


0°C to +100°C, 10 cycles 


Soldering heat 
Thermal shock 


Mechanical shock 
Y and Z 


Variable frequency 
for X, Y and Z 


Constant-acceleration 


2.2 Reliability test data on Hi-BiCMOS memory 

Hi-BiCMOS memory is newly designed based on the 
latest fine machining technologies (2m ~ 1m), 
which features low electric consumption / high 
integrity by CMOS and high speed / high drivability 
by bipolar. This device also attains high speed close 
to ECL and low electric consumption as CMOS. 
Input and output level supports both ECL and TTL. 
Reliability test data of HM100490-15 (64k-words x 
1-bit) and HM6788P-25 (16k-words x 4-bits) are 


Table 5 Results on Hi-BiCMOS Memory Reliability Test (1) 


1500G, 0.5ms, Three times each for X, 
100 to 200 Hz, 20G, Three times each 


20000G, 1 minute, each for X, Y and Z 





HM100490-15 (Cerdip) 


re 
ce 
a 
oe 7 
LARS EAM. 
«= [oe [| =]. 


listed in table 5 and table 6. 

The above shows the sufficient reliability of high 
speed Hi-BiCMOS in the normal use with some 
limitations considered from its own circuit com- 
position. For further information, see each data 
sheet. Besides the caution points with CMOS and 
bipolar device, avoid abnormal use as in deformed 
or slow wave form which causes malfunction and 
latch up. 


HM6788P-25 (Plastic) 
Test item) — Test Total test|,,; Failure |Test item Test Test test| 1... Failure | Remarks 
time raves rate condition time Fauures rate 












h |o) 

High- 420 11 | l/h |foreign 
tempera- 3 matter 
ture Ta = 125°C 380 C.H. 1/h 
pulse VEE=-4.5V 3.8x10° 2.4x10°6 
opera- Moisture ° 
Hon sir C85%RH | 410 | 2.1%108 4.8x10°S 

ance 





Vv 
High- Pressure ° 5 
temp. Ta=200°C 330 | 3.3x10° 3.0x10°6 coaker 121 C100%RH 80 {0.16x10 
storage 





6.3x107° 
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Table6 Results on Hi-BiCMOS Memory Reliability Test (2) 
HM100490-15 (Cerdip) HM6788P-25 (Plastic) 





























Test it Test condition 
ree . " Failure Samples Failure 

Temperature cycling -~5§55°C ~ -150°C 100 cycles | 180 0 180 0 

Soldering heat 250°C 10 seconds 22 0 | 22 0 

Thermal shock 0°C ~ 100°C 10 cycles 0 50 0 

: 1500G, 0.5ms Three times each 

Variable frequency 100 ~ Pore ca Be times each Le 4 _ 

Constant acceleration aye ae each = ag 
2.3 Reliability test data on MOS memories The life test is performed at high temperature and 
2.3.1 Reliability test data on MOS DRAM and high voltage to evaluate the reliability of products 
SRAM using fewer samples. All failures are caused in 
Table 7 and table 8 shows the reliability test data on manufacturing process, so we feedback the data into 


the representative types of 1M DRAM (HM511000/ manufacturing process to improve the quality and 
HM514256), 256k SRAM (HM62256) 1M SRAM reliability. 
(HM628128FP). 


® Table 7 Reliability Dataon 1M DRAM 
HM511000P/HMS14256P HM511000JP/HM514256JP 
Series (DIP) Series (SOP) 
Sam-| Total Fail- pete Sam- | Total Fail- dernetg 
ples | test time | ures (1/hr) ples | total time | ures (1/hr) 


300 | 60x10" | 0 [rsaa0%| 200 | eo0a0" | 0 | 230610% 










Test 


condition Remarks 


Test item 
















Pressure 
cooker 


High- 

temperature 125°C/7V.-|1252] 4.50x105 4.48x10° | 3186 | 9.34x10° | 0 | 9.85x10" 

pulse operation CHV ; - : “| *1 
150°C/ 200 | 4.00x10° | 0 | 2.30x10 4.00x10° | 0 | 2.30x10 | Gy ide fitm 

Moisture 85°C 85% RH : Failure x1 

ans Sap n | 420 eaoxi0* | 0 | 1.10x10~ 682 | 1.36x10° po 


aa C/100% 4.50x104 


* Confidence level 60% 


2.04x107* | 200 | 6.00x10* 


® Table 8. Reliability Data on 256K and 1M SRAM 





















































HM62256FP (SOP) HM628128FP (SOP) 
? Test ; 
Peseuem condition |Sam-| Total Total pees REMmAIKS 
ples | test time total time (1/hr) 
° 6 = 6 
“~— 125°C/5.5V_ | 3088 | 3.11x10 Oe 8.88x10°7 | 1038 | 1.04x10 
temperature | 128°C/7V 4.55x10° | 0 | 2.02x10| 951 | 5.33x108 | 1** | 3.79x10° | Foreign x2 
1 ti 
pulse operation! 750°C/7V_ | 103 | 1.00x105 | 1*? | 2.02x10°5 | 80 1.60x105 0. 5.75x10°S 
Moisture *2 Leak x 1 







85°C/85% : ze ; 
a 680 | 6.80x10 ce 1.35x10° | 127] 2.54x10 
oe C/100% | 390 | 6.40x104 3.16x10°5 90 2.70x104 po 3.41x10°5 


* Confidence level 60% 


endurance 








Pressure 
cooker 
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2.3.2 Reliability Test Data on EPROM 

EPROM has two types; conventional EPROM with 
transparent window and one time programmable 
ROM (OTPROM) packaged in plastic package. Table 


@ Table 9. Reliability Dataon 512K and 1M EPROM 


Test item 





Test 
condition Sam- Total Fail- 
ples | test time | ures 


temperature 
operation 


5° 26 4.91x10° 1 

temperature 200°C 240 | 3.72x10° | 1*! | 5 
bake 

250°C 180 | 1.89x105 | 7*! | 4 


Moisture 
endurance 


Pressure 


* Confidence level 60%. 


The failure shown in table 9 is due to the data dis- 
sipation in memory cells. Getting thermal energy, 
electrons in memory cells are activated and go 
through the floating gate. In actual usage, however, 
it has no problem because this phenomenon de- 
pendes on temperature (about 1.0eV of activated 
energy) greatly. The moisture resistance of 
OTPROM is also satisfactory. 


HN27512 (Cerdip/Plastic) 
Failure 


rate* | Sam- oe poe 

(1/hr) ples | total time] ures (1/hr) 

ier [Fev [00 [aaao"| 0 [aero] ind] sean] 0 

sn [rasaor| © |iesio*] 27 [seni] 0 [1407] 
| o | 1.87x10% | 150] 7.5x108 | 0 | 

43x10 | 130 1*! 

44x10" | 110 | 3.07x10% | 40** | 1.30x40™ 


85°C/85% : 7 
* 121°C/100% ; 7 





Reliability of Hitachi IC Memories 


9 shows reliability test data on the representative 
EPROM types 512k EPROM  (HN27512, 
HN27512P), 1M EPROM (HN27C101, HN27C301). 


HN27C101/HN27C301 


Remarks 


2.84x10°° 


.23x10°¢ | dissipation x 49 


-11x10°° 


Data of 512K 
OTPROM 


Table 10 shows the example of PROM derating. 
When derating, the parameter is generally only the 
temperature because other operating conditions are 
specified. Especially to lower the junction tempera- 
ture during mounting is important for stabilizing the 


operation relative to access time, refresh time and 
other characteristics. 


@ Table 10 Example of HN27C101/HN27C301 Derating 


Failure criteria 


Temperature 


Function Test 





Results: 
The result from high temperature baking of PROM 
is shown in the right figure. 





Electrical Characteristics, 


Paihiee nechans Increase of leak current 














MTTF (hr) 





108/T; (*K-*) 





Note: Decreasing junction temperature shown in the figure will promise the higher epee § The junction temperature 


can be calculated by a formula : Tj = Tg + 6jg*Pg 9jg in about 100°C 


70° C/W with 2.5 m/s air flow. 


with no air flow and about 60 to 
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2.3.3 Reliability Data on MASK ROM 
Table 9 shows the reliability test data on 2M and 
4M bit MASK ROM. MASK ROM is patterned ac- 















cording to ROM information in manufacturing 
process, so data dissipation isn’t occurred in high 
temperature like EPROM and EEPROM. 





@® Table 11. Reliability Data on 2M and 4M MASK ROM 
HN62412P (Plastic) HN62404P (Plastic) 
: Test Failure : Failure 
Test item Pag Total Total Fail- Remarks 
condition fecttone rate* fee iime rate* 
High-temp. | 125°C/5.5V 4.0x10°| 0 | 223% 
pulse : 5 
operaton 125°C/7V 3.0x10 es 
Moisture 85°C/85% 5 46 
endurance RH 5.5V 1.20x10 Loe 7.67x10 
Pressure 121°C/ 4 -5 
peeve te 100% RH 2.3x10 Fae 4.1x10 
* Confidence level 60%. 


2.3.4 Reliability Data on MOS Memory (The result 
of environment test) 

Table 12 shows examples of each environment test 

data. They show good results without any failure 

even in severe environment. 

Vr of MOS transistor is one of the basic process 


@ Table 12 Reliability Data on MOS Memories 
























parameters in MOS memory, which has almost no 
change using surface stabilization technology and 
clean process. Figure 4 shows the examples of time 
changes for 1M DRAM; Vpp min. (Vin) and 
access time (taac) in high temperature pulse test. 


HMS511000P HM511000JP| HM62256FPIHM628128FP| EPROM 
(DIP) (SOJ) (SOP) (SOP) (Cerdip) 
Test item Test condition R k 
Sam- | Fail- Fail- Fail- Fail- Rae oo 
_ ples | ure ures ure ures ures 
Temperature cycling aa 150°C} 3755 Lo 2786 20. | 3328 710 po 2790 po 
ronan [GS] el of ale [owl opal w [ow] e 
Thermal shock ise ISOC} 47 100 po | 76) 17\ 0 | 80) 0 
ciait || fo | mle [ato ale [alo 
Mecunieal shock | 1,500G,05ms_[ — | -[-[-]-T-]-1- 1 To 
100 to 2,000Hz 
Variable frequency 20G oe 38 
Constantacecration | 60006 | - | - | -}- ==] =] =] 2 [0 | <0 





2.4 Change of Electrical Characteristics on 1C 
Memory 

The degradation of Icgo and hee are the main 

factors of degradation in inner cell transistor of 

bipolar memory. In actual element designing, how- 


ever, it is designed to operate in the range at which 
no degradation happen. Therefore no change of 
characteristics including access time are observed. 
Time dependence in access time for HM10470 are 
shown in Fig. 1. 
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Figure 1 Time change in access time for bipolar memory 


Example Example of time change in access time for Bipolar memory 


Test condition Ta = 125°C, VER =-5.2V 
; Test Conditi 
Failure mechanism Surface degration V oe pa c= 
Fe ; Maximum 
Results: Ta=25C O Average 
Marching Pattern Minimum 


Access time is stabilized. 


0 500 1,000 


Time (hr) 





Figure 2 Time change in access time for Hi-BiCMOS memory 


Example of time change in access time for Hi-Bi CMOS memory 
Device name HM100490 


Test condition Ta = 125°C, Veg =-4.5V 
all bit scanning 


Failure criteria tAA = iSns 
Failure mechanism Surface degradation 


Results: 
Access time is stabilized. 













Test Condition 
Vee =—45V 


= Max.mum 
Ta=25C : Average 


Marching Pattern Minimum 


ae 


500 1,000 ; 


0 
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Figure 3 Time change in Vcc min and t4 4 for Hi-BiCMOS memory 


Example Examples of time change in Vcc min and t4 4 for Hi-Bi CMOS 
Device name HM6788P-25 


Test condition Ta = 125°C, Voc = 5.0V 
all bit scanning 

Failure criteria Voc = 4.5V, t4A = 25ns 

Failure mechanism Surface degradation 


Veco min (V) 


Test Condition : 
Maximum 


Results: Veco =5V A 
Both of Vcc (min) and t4 4 are stabilized. Ta=25C } verage 
Marching Pattern 


Minimum 


500 1,000 
Time (hr) 


Test Condition 
Same as above 


cae came acai 


500 1,000 2,000 
Time (hr) 





Figure4 Time change in Vpp min and tA ac for MOS memory 


Example Example of time change in Vpp min and tr4c for MOS memory 


Test condition Ta =125°C, Voc =7V 
all bit scanning 


Failure criteria Vpp =4.5V, AVpp = 1.0V 
Failure mechanism Surface degradation 


Results: 
Access time (t4 A) is stabilized and is within the failure 
criteria. 













g—__J____f__ 


Test Condition 
Marching pattern } 








Maximum 
Average 
Minimum 









Ta=25°C 
N=200 pcs 












500 1,000 


Time (hr) 








Test Condition 
Same as above 





Note: Test accuracy is 0.2V, 2ns. 


1,000 
Time (hr) 
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2.5 Failure Mode Rate 

Figure 5 and 6 show examples of failure mode 
happened in users’ application. Since IC memories 
require the finest pattern process technology, the 
percentage of failures, such as pinholes, defects on 
photoresist and foreign materials, tends to increase. 
To eliminate the defects in the manufacturing 
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Figure 5 Failure Mode Rate of Bipolar Memory 


3. Reliability of Semiconductor Devices 


3.1. Reliability Characteristics for Semiconductor 
Devices 
Hitachi semiconductor devices are designed, manu- 
factured and inspected so as to achieve a high level 
of reliability. Accordingly, system reliability can be 
improved by combining highly reliable components 
along proper environmental conditions. This 
section describes reliability characteristics, failure 
types and their mechanisms in terms of devices. 

First, semiconductor device characteristics are 

examined in light of their reliability. 

(1) Semiconductor devices are essentially structure 
sensitive as seen in surface phenomenon. Fab- 
ricating the device requires precise control of a 
large number of process steps. 

(2) Device reliability is partly governed by elec- 
trode materials and package materials, as well as 
by the coordination of these materials with the 
device materials. 

(3) Devices employ thin-film and fine-processing 
techniques for metallization and bonding. Fine 
materials and thin film surfaces sometimes 
exhibit physically different characteristics from 
the bulks. 
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process, Hitachi has improved the process and 
performed 100% burn in screening under high tem- 
perature. Hitachi has been collecting and checking 
customers’ process-data and marketing data for 
higher reliability of our products. To analyze them 
is very helpful for the improvement of designing and 
manufacturing. 
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Figure 6 Failure Mode Rate of MOS Memory 


(4) Semiconductor device technology advances 
drastically: Many new devices have been 
developed using new processes over a short 
period of time. Thus, conventional device re- 
liability data cannot be used in some cases. 

(5) Semiconductor devices are characterized by 
volume production. Therefore, variations 
should be an important consideration. 

(6) Initial and accidental failures are only con- 
sidered to be semiconductor device failures 
based on the fact that semiconductor devices 
are essentially operable semipermanently. 
However, wear failures caused by worn mate- 
rials and migration should be also reviewed 
when electrode and package materials are not 
suited for particular environmental conditions. 

(7) Component reliability may depend on device 
mounting, conditions for use, and environment. 
Device reliability is affected by such factors as 
voltage, electric field strength, current density, 
temperature, humidity, gas, dust, mechanical 
stress, vibration, mechanical shock, and radia- 
tion magnetic field strength. 
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Figure 7 Typical failure rate curve 


Device reliability is generally represented by the 
failure rate. ‘Failure’ means that a device loses 
its function, including intermittent degradation 
as well as complete destruction. 

Generally, the failure rate of electric com- 
ponents and equipment is represented by the 
bathtub curve shown in Fig. 7. For semicon- 
ductor devices, the configuration parameter of 
the Weibull distribution is smaller than 1, which 
means an initial failure type. Such devices 
ensure a long lifetime unless extreme environ- 
mental stress is applied. Therefore, initial and 
accidental failures can become a problem for 
semiconductor devices. Semiconductor device 
reliability can be physically represented as well 
as statistically. Both aspects of failures have 
been thoroughly analyzed to establish a high 
level of reliability. 


3.2 Failure Types and Their Mechanisms 

3.2.1 Failure physics 

Failure physics is, in a broad sense, a basic tech- 

nology of “physics + engineering”. It is used to 

examine the physical mechanism of failures in terms 

of atoms and molecules to improve device reliabili- 

ty. This physical approach was introduced to the 

reliability field with the demand for minimized de- 

velopment cost and period, as technology rapidly 

developed and system performance increased, re- 

quiring more complex and higher levels of reliabili- 

ty. These conditions derived from the development 

of solid state physics (semiconductor physics) after 

World War II and associated device development. 

Failure physics have been employed to: 

1) Detect failed devices as soon as possible 

2) Establish models and equation used for failure 
prediction 

3) Evaluate reliability in short periods by acceler- 
ated life test 

The purpose of the failure physics approach is to 


contribute to reliability related fields such as 
product design, prediction, test, storage and usage 
by adding physics as a basic technology to conven- 
tional experimental and statistical approaches. 


3.2.2 Failure types and their mechanism 

Device failures are physically discussed in this 
section. Semiconductor device failures are basically 
categorized as disconnection, short-circuit, de- 
terioration and miscellaneous failures. These 
failures and their causes are summarized in Table 
11. Typical failure mechanisms are reviewed next. 
(1) Surface Deterioration 

The pn junction has a charge density of 10'* — 
107°/cm?. If charges exceeding the above density 
are accumulated on the pn junction surface, partic- 
ularly adjacent to a depletion layer, electric 
characteristics of the junction tend to be easily 
varied. Although the surface of such devices as 
planar transistors is generally covered with a SiO, 
film and is in an inactive state, the possibility of 
deterioration caused by surface channels still exists. 
Surface deterioration depends heavily on applied 
temperature and voltage and is often handled by the 
reaction model. 

One example of recent failures is surface deteriora- 
tion caused by hot carriers. Hot carriers are 
generated when such devices as MOS dynamic 
RAMs are operated at a voltage near the minimum 
breakdown voltage BVps by raising internal voltage 
and when a strong electric field is established near 
the MOS device's drain resulting from reduced de- 
vice geometry from 2 um to 0.8 um. Generated hot 
carriers may affect surface boundary characteristics 
on a part of the gate oxide film, resulting in de- 
gradation of threshold voltage (V+) and counter 
conductance (gm). Hitachi devices have employed 
improved design and process techniques to prevent 
these problems. However, as process becomes finer, 
surface deterioration may possibly become a serious 
problem. 

(2) Electrode-related Failures 

Electrode-related failures have become increasingly 
important as multi-layer wiring has become more 
complicated. Noticeable failures include electro- 
migration and Al wiring corrosion in plastic sealed 
packages. 

(4) Electromigration 

This is a phenomenon in which metal atoms are 
moved by a large current of about 10° A/cm? 
supplied to the metal. When ionized atoms collide 
with current of about scattering electrons, an 
‘electron wind’ is produced. This wind moves the 
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metal atoms in the opposite direction from the 
current flow, which generates voids at a negative 
electrode, and hillock and whiskers at an opposite 
one. The generated voids increase wiring resistance 
and cause excessive currents to flow in some areas, 
leading to disconnection. The generated whiskers 
may cause shortcircuits in multi-metal line. 

(2) Multi-metal line related failures 

Major failures associated with multi-metal line 
include increased leak currents, shortcircuits caused 
by a failed dielectric interlayer, and increased 
contact metal resistance and disconnection between 
metal wirings. 

@) Al line corrosion and disconnection 

When Plastic encapsulated devices are subjected to 
high-temperatures, high-humidity or a bias-applied 
condition, Al electrodes in devices can cause corro- 
sion or disconnection (Fig. 8). Under high-tempera- 
ture and high-humidity, corrosions are randomly 


Morture Resistance Test 


High Temp and High Temp and 
High Himidity 
High Humidity pas: ge 
Peta Potential Lower Potential 
rea Area 





Intergranular 
Corrosions 


Figure 8 Categorized Al corrosion mode 


Pit Corrosions Pit Corrosions 


generated over the element surface. However, after 
an extended period of time, the corrosions have not 
significantly increased. Accordingly, this failure is 
possibly due to an initial failure associated with 
manufacturing. It is also verified that this type of 
failure can be generated when the adhesion surface 
between an element and resin is separated or when 
foreign materials are attached to the element with 
human saliva. Under a bias-appllied, high-tempera- 
ture, high-humidity condition, on the other hand, 
corrosions are generated in higher potential areas 
while in lower potential areas, grain corrosion 
occurs. Once this failure occurs in part of a device, 
the device can become worn out in a relatively short 
time. This failure proves to depend on the hydro- 
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scopic volume resistivity of sealed resin. The Al line 


corrosion mechanism described above is summarized 
in Fig. 9. 
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Figure 9 Plastic package cross section and Al corrosion 
mechanism 
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Figure 10 An Example of Moisture Resistance by High 
temp. and High humidity and bias 
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Figure 11 Relationship between temperature and 


Time to 1% failure (RH = 85%) 
(3) Bonding related failures 
(1) Degradation caused by intermetallic formation 
Bonding strength degradation and contact resistance 
increase are caused by compounds formed in con- 
nections between Au wire and Al film or between 
Au film and Al wire. These are the most serious 
problems in terms of reliability. The compounds 
are formed rapidly during bonding and are increased 
through thermal treatment. Consequently, Hitachi 
products are subjected to a lower-temperature, 
shorter-period bonding whenever possible. 
@) Wire creep 
Wire creep is wire neck destruction in an Au ball 
along an intergranular system occurring when a 
plastic sealed device is subjected to a long-term 
thermal cycling test. This failure results from 
increased crystal grains due to heat application 
when forming a ball at the top of an Au wire, or 
from an impurity introducing to the intergranular 
system. Bonding under usual conditions with no 
loop configuration failures does not cause this 
failure unless a severe long-term thermal cycling test 
is applied. Accordingly, wire creep is not a problem 
in actual usage. 
@) Chip crack 
With the increase in chip size associated with the 
increased number of incorporated functions, more 
problems have been occurring during assembly, such 
as chip cracks during bonding. Bonding methods 


include Au-silicon eutectic, soldering and Ag-paste. 
Soldering and Ag-paste exhibit few chip crack 
problems. For Au-silicon eutectic, in contrast, large 
stress is applied to a pellet due to its strength and 
high temperature resistance for attachment, which 
may result in critical chip defects. Today, the chip 
destruction limit can be determined by finite- 
element analysis and by distortion measurement 
using a fine accuracy gauge. Ideally, Au-silicon 
eutectic should be evenly applied over the entire 
surface. However, this is difficult due to the 
existence of a silicon oxide film on the silicon back 
surface. Therefore, specifications for Au-silicon 
eutectic have been established based on stress 
analysis and thermal cycling test results. 

(4) Reduced maximum power dissipations 

For power devices, heat fatigue due to thermal 

expansion coefficient mismatch among different 

materials deteriorates thermal resistance. This 
results in decreased maximum power dissipations. 

(4) Sealing related failures 

Hermetic sealing packages, including metal, glass, 

ceramic, and all other types, have the possibility of 

the following failures. 

1. Al line corrosion on the chip surface due to slight 
moisture and reaction between the different 
ionized materials. 

2. Intermittent moving foreign metals short 

3. Al line corrosion due to extraneous HO caused 
by hermetic failure 

Moving foreign matter, even if it is a non-active 

solid, can be charged up within a cavity during move- 

ment, thereby inducing parastic effects and metal 
shorts. The foreign matter detection method is 
specified by MIL-STD-883C, PIND (Particle Impact 

Noise Detection) Test. The PIND test consists of 

filtering a particle impact waveform (ultrasonic 

waveform), detecting it with a microphone, and 
then amplifying. 

(5) Disturbance 

(Electrostatic discharge destruction 

Destruction caused by electrostatic discharge is a 

problem common to semiconductor devices. A 

recent report introduced three modes of this failure; 

the human body model, charged device model and 
field induced model. 

The human body is easily charged. A person just 

walking across a carpet can be charged up to 15000 

V. This voltage is high enough to destroy a device. 

An equivalent circuit of the human body model is 

shown in Fig. 10. The human body’s capacitance 

Cb and resistance Rb are 100 to 200 pF and 1000 

to 20002, respectively. Assuming a body is charged 
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with 2000V, the dissipated energy is obtained as 
follows: With a time constant of 10°” sec, the dis- 
sipated energy is 2 KW, which is enough to destroy 
a small area of a chip. 


cb —- Human Body Capacity 

Rb — Human Body Resistance 

Rd-— Device Resistance 

Re — Resistance Between Device and Ground 


E= 5 CbV? =0.2 x 1073 


Figure 12 Equivalent circuit of human body model 


In the charged device model, charges are accumulat- 
ed in a device, not a human body, and discharged 
through contact resistance during a short time. The 
equivalent circuit of this model is shown in Fig. 13. 
Device size and device position relative to GND are 
important parameters in this model since the model 
depends on device capacity. 

In the field induced model a device is left under a 
strong electric field or is affected by neighboring 
high voltage material. Since the capacitor of device 
or lead of device acts like an antenna, the following 
cases will possibly cause destruction. 1) a device is 
incorporated into a high electric field such as a 
CRT, 2) a device is left under a high-frequency 
electric field and 3) a device is moved with a con- 
tainer charged at high voltage, such as a tube. 


Yb >——VWW re 
os i 
<j 


Figure 13 Equivalent circuit of charging model 


(2) Latch up 
Latch up is a problem unique to CMOS devices. 


This problem is a thyristor phenomenon caused by 
a parasitic PNP or NPN transistor formed in the 
CMOS configuration. Latch up occurs when an 
accidental surge voltage exceeding a maximum 
rating, a power supply ripple, an unregulated power 
supply and noise is applied, or when a device is 
operated from two sources having different set-up 
voltages. These cases can cause input or output 
current to flow in the opposite direction from usual 
flow, which triggers parasitic thyristors. This results 
in excessive current flowing between a power supply 
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and ground. This phenomenon continues until the 
power is off or the flowing current is forced to be 
reduced to a certain level. Once latch upoccursin an 
operating device, the device will be destroyed. 
Much effort should be made in designing circuits to 
prevent latch up. Latch up triggering input or 
output currents start to flow under the following 
conditions. 

Vin <Vcc or Vin < GND for input level 

Vout > Vcc or Vout < GND for input level 
Therefore, circuits should be designed so that no 
forward current flows through the input protection 
diodes or output parasitic diodes. 
3) Soft errors 
When a particles are generated from uranium or 
thorium in a package the silicon surface of an LSI 
chip, electron-hole pairs are formed which act as 
noise to data lines and other floating nodes, causing 
temporary soft errors. This phenomenon is shown 
in Fig. 14. Only electrons from among the electron- 
hole pairs are only collected to a memory cell. Asa 
result, the cell changes from a state of 1 to 0, which 
is a soft error. 
Hitachi devices have been subjected to simulation 
and irradiation tests to prevent soft errors. In some 
cases, organic material, PIO, is applied to the surface 
of the device. 





Figure 14 Soft error caused by « particles in dynamic 
memory 
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Table 13. Failure causes and mechanism 


Failure related causes 


Passivation 


Metallization 


Connection 


a ererenene 


Wire lead 


Diffusion, Junction 


Die bonding 


Package sealing 


Foreign matter 


Input/output pin 


Disturbance 






High electric field 


Surface oxide film, 
Insulating film between 
wires 


Interconnection, 
Contact, Through hole 


Wire bonding, 
Ball bonding 


Internal connection 


Junction diffusion, 
Isolation 


Connection between die 
and package 


Packaging, Hermetic 
Seal, Lead plating, 
Hermetic pakage & 
plastic package, Filler gas 








Failure mechanisms 





Pin hole, Crack, Uneven 
thickness, Contamination, 
Surface inversion, 
Hot carrier injected 


Flaw, Void, Mechanical 
damage, 

Break due to uneven 
surface, Non-ohmic 
contact, Insufficient 
adhesion strength, 
Improper thickness, 
Electromigration, 
Corrosion 


Bonding runout, 
Compounds between metals, 
Bonding position mismatch, 
Bonding damaged 





Disconnection, 
Sagging, Short 





Crystal defect, 
Crystallized impurity, 
Photo resist mismatching 


Integrity, 

moisture ingress, 
Impurity gas, High 
temperature, Surface 
contamination, Lead 
rust, Lead bend, break 


Failure modes 


Withstanding voltage 
reduced, Short, Leak 
current increased, 

hFF degraded, Threshold 
voltage variation, Noise 


Open, Short, 
Resistance increased 


Open, Short 
Resistance increased 





Open, Short 





Withstanding voltage 
reduced, Short 


Open, Short, Unstable 
operation, Thermal 
resistance increased 

Short, Leak current 
Increased, Open, Corrosion 
disconnection, Soldering 
failure 





Foreign matter in package 





Electrostatistics, 
Excessive Voltage, Surge 


a particle 


Dirt, Conducting foreign 
matter, Organic carbide 


Electron destroyed 


Electron hole generated 





Surface inversion 
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Short, Leak current 
increased 


Short, Open, Fusing 


Soft error 


Leak current increased 
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(6) Fine geometry related problems 

In response to higher integration requirements for 
memories and microcomputers, LSI geometry has 
been reduced in the way of 3um>2 um > 1.3 um 
>0.8 um. 


However power supply has not been scaled down 
used for 5V, only line dimensions have been fined 
increasingly. Problems associated with finer geo- 
metry are shown in Table 14. 


Table 14. Finer geometry related problems 


Item Problems 


5V single supply voltage 


- Soft errors by a particles 
¢ Al reliability reduced 
* CMOS latch up 


Horizontal dimension 
reduction 


¢ Mask alignment margin reduced 


¢ Hot carriers 


Vertical & horizontal 
dimension reduction 


¢ Breakdown voltage of gate oxide films 
- SiO, defects 


* Higher breakdown voltage not permitted 
¢ Electrostatic discharge resistance reduced 





Countermeasure 


Oxide film formation process improved 
* Cleaning 

- Gettering 

« Screening 


Surface passivation film improved 
¢ Metallization improved 

- Design/layout improved 

* Process improved 


Use of low voltage examined 
¢ Configuration improved 
¢ Protection circuits enhanced 
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1. VIEWS ON QUALITY AND 
RELIABILITY 


Hitachi basic views on quality are to meet individual 

users’ purpose and their required quality level and 

also to maintain the satisfied level for general ap- 

plication. Hitachi has made efforts to assure the 

standardized reliability of our |C memories in actual 

usage. TO meet users’ requests and to cover expand- 

ing application, Hitachi performs the followings; 

(1) Establish the reliability in design at the stage of 
new product development. 

(2) Establish the quality at all steps in manufactur- 
ing process. 

(3) Intensify the inspection and the assurance of re- 
liability of products. 

(4) Improve the product quality based on market- 
ing data. 

Furthermore, to get higher quality and reliability, 

we cooperate with our research laboratories. 

With the views and methods mentioned above, 

Hitachi makes the best efforts to meet the users’ re- 

quirements. 


2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 


2.1 Reliability Target 

Establishment of reliability target is important in 
manufacturing and marketing as well as function 
and price. It is not practical to determine the re- 
liability target based on the failure rate under single 
common test condition. So, the reliability target is 
determined based on many factors such as each 
characteristics of equipment, reliability target of 
system, derating applied in design, operating condi- 
tion and maintenance. 


2.2 Reliability Design 

Timely study and execution are essential to achieve 

the reliability based on reliability targets. The main 

items are the design standardization, device design 

including process and structural design, design 

review and reliability test. 

(1) Design Standardization 
Design standardization needs establishing design 
rules and standardizing parts, material, and 
process. When design rules are established on 
circuit, cell, and layout design, critical items 
about quality and reliability should be ex- 
amined. Therefore, in using standardized 


process or material, even newly developed prod- 
ucts would have high reliability, with the excep- 
tion of special requirement on function. 
(2) Device Design 
It is important for device design to consider 
total balance of process design, structure 
design, circuit and layout design. Especially in 
case of applying new process or new material, 
we study the technology prior to development 
of the device in detail. 
(3) Reliability Test by Test Site 
Test site is sometimes called Test Pattern. It is 
useful method for evaluating reliability of 
designing and processing ICs with complicated 
functions. 
1. Purposes of Test Site are as follows; 
e Making clear about fundamental failure mode; 
e Analysis of relation between failure mode and 
manufacturing process condition. 
e Analysis of failure mechanism. 
e Establishment of QC point in manufacturing. 
2. Effects of evaluation by Test Site are as follows; 
e Common. fundamental failure mode and 
failure mechanism in devices can be evaluated. 
e Factors dominating failure mode can be 
picked up, and compared with the process 
having been experienced in field. 
e Able to analyze relation between failure 
causes and manufacturing factors. 
e Easy to run tests. 


2.3 Design Review 

Design review is a method to confirm systematically 

whether or not design satisfies the performance 

required including by users, follows the specified 

ways, and whether or not the technical items 

accumulated in test data and application data are 

effectively applied. 

In addition, from the standpoint of competition 

with other products, the major purpose of design 

review is to insure quality and reliability of the 

product. In Hitachi, design review is performed 

in designing new products and also in changing 

products. 

The followings are the items to consider at design 

review, 

(1) Describe the products based on specified design 
documents. 

(2) Considering the documents from the standpoint 
of each participant, plan and execute the sub- 
program such as calculation, experiments and 
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investigation if unclear matter is found. 3. QUALITY ASSURANCE SYSTEM OF 
(3) Determine the contents and methods of reliabil- SEMICONDUCTOR DEVICES 

ity test based on design document and drawing. 
(4) Check process ability of manufacturing line to 3.1 Activity of Quality Assurance 

achieve design goal. The following items are the general views of overall 

(5) Arrange the preparation for production. quality assurance in Hitachi; 

(6) Plan and execute the sub-programs of design (1) Problems is solved in each process so that even 
changes proposed by individual specialists, for the potential failure factors will be removed at 
tests, experiments and calculation to confirm the final stage of production. 
design change. (2) Feedback of information is made to insure 

(7) Refer to the past failure experiences with satisfied level of process ability. 

similar devices, confirm the prevention against As the result, we assure the reliability. 


them, and plan and execute the test program 
for confirmation of them. 
In Hitachi, these study and decision at design review 
are made using the individual check lists according 
to its objects. 


Step Contents 


Target : 

Specification Design Review 

Design es of Material and Cénliemationset 
Approval ie 

Production a Appearance Characteristics and 


Dimension Reliability of Materials 
Heat Resistance 


Mechanical and Parts 
Electrical 
Others 


; Electrical Conf ; 'T 
Characteristics Approval Chacacteri cies onfirmation of Target 
Function Spec. Mainly about 


Voltage Electrical 
Current 


Temperature Characteristics 
Others 
Appearance, Dimension 


Reliability Test 
Life Test Confirmation of Quality 
Thermal Stress and Reliability in Design 
Moisture Resistance 
Mechanical Stress 
Others 


Quality Approval (1) 


Quality Approval (2) Reliability Test Confirmation of Quality 
Process Check same as and Reliability in Mass 
Quality Approval (1) Production 


Figure 1 Flow Chart of Qualification 
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3.2 Qualification 

To assure the quality and reliability, the qualifica- 

tion tests are done at each stage of trial production 

and mass production based on the reliability design 

described in section 2. 

The followings are the views on qualification in 

Hitachi: 

(1) From the standpoint of customers, qualify the 
products objectively by a third party. 

(2) Consider the failure experiences and data from 


Process 


Material, Parts 


Inspection of 
Material and Parts 









Material, 
Parts 







Devices 






100% Inspection 
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Products 


ere, 










Products 
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Quality Control 
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Manufacturing Equipment, 
Environment, Sub-material, 


Worker Control! 
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Quality Control 





100% Inspection on 
| Appearance and Electrical 


Characteristics 





Appearance and Electrical 


Reliability Test a 





customers. 

(3) Qualify every change in design and work. 

(4) Qualify intensively on parts and materials and 
process. 

(5) Considering the process ability and factor of 
manufacturing fluctuation, establish the control 
points in mass production. 

Considering the views mentioned above, qualifica- 

tion shown in Fig. 1 is done. 


Method 
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Figure 2 Flow Chart of Quality Control in Manufacturing Process 


© HITACHI 
30 Hitachi America, Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 e (415) 589-8300 





3.3 Quality and Reliability Control in Mass Produc- 
tion 

To assure quality in mass production, quality is 

controlled functionally by each department, mainly 

by manufacturing department and quality assurance 

department. The total function flow is shown in 

Fig. 2. 


3.3.1 Quality Control on Parts and Materials 

With the tendency toward higher performance and 
higher reliability of devices, quality control of parts 
and materials becomes more important. The items 
such as crystal, lead frame, fine wire for wire bond- 
ing, package and materials required in manufactur- 
ing process like mask pattern and chemicals, are all 
subject to inspection and control. 

Besides qualification of parts and materials stated in 
3.2, quality control of parts and materials is defined 
in incoming inspection. Incoming inspection ts per- 
formed based on its purchase specification, drawing 


and mainly sampling test based on MIL-STD-105D. 
The other activities for quality assurance are as 


follows. 


@ Table 1. Quality Control Check Points of Parts 
and Material (example) 


Material, Important 
Parts Control Items Point for Check 
Appearance Damage and Contamina- 
tion on Surface 
Dimension Flatness 
Watee Sheet Resistance Resistance 
Defect Density Defect Numbers 
oe Crystal Axis Bi ae Se as tae Rees 
Appearance Defect Numbers, Scratch 
Mask Dimension Dimension Level 
Resistoration 
Gradation Uniformity of Gradation 
Pine Appearance Contamination, Scratch, 
Wire for Bend, Twist 
Wire Dimension 
Bonding Purity Purity Level 
Elongation Ratio Mechanical Strength 
Appearance Contamination, Scratch 
Dimension Dimension Level 
Processing 
Frame Accuracy 
Plating Bondability, Solderability 
Mounting Heat Resistance 
Characteristics” _ no 
Appearance Contamination, Scratch 
Dimension Dimension Level 
Leak Resistance Airtightness 
Plating Bondability, Solderability 
Ceramic Mounting Heat Resistance 
Package Characteristics 
Electrical 
Characteristics 
Mechanical Mechanical Strength 
A551) 11 ec ee 
Composition Characteristics of 
Plastic Material 
Electrical 
Characteristics 
Thermal 
pase Characteristics 
Molding Molding Performance 
Performance 
Mounting Mounting Characteristics 


Characteristics 
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(1) Technology Meeting with Vendors 

(2) Approval and Guidance of Vendors 

(3) Analysis and tests of physical chemistry. 

The typical check points of parts and materials are 
shown in Table 1. 


3.3.2 Inner Process Quality Control 
To control inner process quality is very significant 
for quality assurance of devices. The quality 
control of products in every stage of production is 
explained below. Fig. 3 shows inner process quality 
control. 
(1) Quality Control of Products in Every Stage of 
Production 
Potential failure factors of devices should be re- 
moved in manufacturing process. Therefore, check 
points are set up in each process so as not to move 
the products with failure factors to the next 
process. Especially, for high reliability devices, 
manufacturing lines are rigidly selected in order to 
control the quality in process. Additionally we per- 
form rigid check per process or per lot, 100% 
inspection in proper processes so as to remove 
failure factors caused by manufacturing fluctuation, 
and screenings depending on high temperature aging 
or temperature cycling. Contents of controlling 
quality under processing are as follows: 
e Control of conditions of equipment and workers 
and sampling test of uncompleted produsts. 
Proposal and execution of working improvement. 
Education of workers 
Maintenance and improvement of yield 
Picking up of quality problems and execution of 
countermeasures toward them. 
e Communication of quality information. 
(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 
Manufacturing facilities have been developed with 
the need of higher devices in performance and the 
automated production. It is also important to de- 
termine quality and reliability. 
In Hitachi, automated manufacturing is promoted 
to avoid manufacturing fluctuation, and the opera- 
tion of high performance equipment is controlled to 
function properly. 
As for maintenance inspection for quality control, 
daily and periodically inspections are performed 
based on specification on every check point. 
As for adjustment and maintenance of measuring 
equipment, the past data and specifications are 
clearly checked to keep and improve quality. 
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(3) Quality Control of Manufacturing Circumst- 


ances and Sub-material. 

Quality and reliability of devices are affected 
especially by manufacturing process. There- 
fore, we thoroughly control the manufacturing 
circumstances such as temperature, humidity, 
dust, and the sub-materials like gas or pure 
water used in manufacturing process. 


Quality Assurance of IC Memory —————__________"_"_"""". _——eeeesssss————eeesesesssssss 


Dust control is essential to realize higher in- 
tegration and higher reliability of devices. To 
maintain and improve the clearness of manufac- 
turing site, we take care buildings, facilities, air- 
conditioning system, materials, clothes and 
works. Moreover, we periodically check on 
floating dust in the air, fallen dust or dirtiness 
on floor. 


Process 


Purchase of Material 


Surface Oxidation 


Inspection on Surface 
Oxidation 


Photo Resist 


Inspection on Photo Resist 
© PQC Level Check 


Diffusion 


Inspection on Diffusion 


© PQC Level Check 


Evaporation 


Inspection on Evaporation 
©PQC Level Check 
Wafer Inspection 


Inspection on Chip 
Electrical Characteristics 


Chip Scribe 


Inspection on Chip 
Appearance 


©PQC Lot Judgement 


Assembling 


©PQC Level Check 


Inspection after 
Assembling 


©PQC Lot Judgement 
Sealing 


©PQC Level Check 


Final Electrical Inspection 
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Figure 3 Example of Inner Process Quality Control 
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Purpose of Control 


Scratch, Removal of Crystal 
Defect Wafer 

Assurance of Resistance 
Pinhole, Scratch 


Dimension Level 
Check of Photo Resist 
Diffusion Status 


Control of Basic Parameters 
(Vtu, etc) Cleaness of surface, 
Prior Check of Vin 

Breakdown Voltage Check 
Assurance of Standard 
Thickness 


Prevention of Crack, 
Quality Assurance of Scribe 


Quality Check of Chip 

Bonding 

Quality Check of Wire 

Bonding 

Prevention of Open and 
Short 


Guarantee of Appearance 
and Dimension 


Feedback of Analysis Infor- 
mation 
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3.3.3 Final Tests and Reliability Assurance The inspection is executed not only to confirm 
(1) Final Tests that the products meet users’ requirement, but 
Lot inspection is done by quality assurance to consider potential factors. Our lot inspec- 
department for the product passed in 100% test tion is based on MIL-STD-105D. 
in final manufacturing process. Though 100% (2) Reliability Assurance Tests 
of passed products is expected, sampling inspec- To assure reliability, the reliability tests are per- 
tion is subjected to prevent mixture of failed formed periodically, and performed on each 
products by mistake. manufacturing lot if user requires. 


Customer 


Claim 


Failures, Information ) 


Sales Dept. 
Sales Engineering Dept. 


Quality Assurance Dept. Failure Analysis 


. Countermeasure 
| Manufacturing Dept. Design Dept. Execution of 
Countermeasure 


- Assurance Dept. ; 


Sales Engineering Dept. 
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Customer 


Figure 4 Process Flow Chart of Coping with Failure to a Customer 


Follow-up and Confirmation 
of Countermeasure Execution 
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M@ OUTLINE OF TESTING METHOD 
1, INSPECTION METHOD 


Compared to conventional core memories, IC 
memories contain all peripheral circuits, such as the 
decoder circuit, write circuit and read circuit. Asa 
result, assembly and electrical inspection of ICs are 
all performed by IC manufacturers. Consequently, 
as the electrical inspection of IC memories are 
becoming more systematic, conventional IC inspec- 
tion facilities are becoming useless. This has led to 
the development and introduction of a memory 
tester with pattern generator to generate the inspec- 
tion pattern of the memory IC at high speed. A 
function test for such as TTL gates can be per- 
formed even by a simple DC parameter facility. 
However, when the address input becomes multi- 
plexed as in 16K, 64K and 256K memory, even the 
generation of the function test pattern becomes a 
serious problem. 

In the memory IC inspection, its quality cannot be 
judged by DC test on external pins only, because the 
number of the element such as transistor which can 
be judged in the DC test is only 1/1000 of all ele- 
ments. The followings are the address patterns pro- 
posed to inspect whether the internal circuits are 
functioning correctly. 

(1) All “Low”, All “High” 

(2) Checker Flag 

(3) Stripe Pattern 

(4) Marching Pattern 

(5) Galloping 

(6) Waling 

(7) Ping-Pong 

Those are not all, but only representative ones. 
There are the pattern to check the mutual inter- 
ference of bits and the pattern for the maximum 
power dissipation. Among the above mentioned 
patterns, those of (1) to (4) are called N pattern, 
which can check one sequence of N bit 1C memory 
with the several times of N patterns at most. Those 
of (5) to (7) are called N* pattern, which need 
several times of N? patterns to check one sequence 
of N bit 1C memory. Serious problem arises in using 
N? pattern in a large-capacity memory. For ex- 
ample, inspection of 16K memory with galloping 
pattern takes a lot of time — about 30 minutes. (1), 
(2) and (3) are rather simple and good methods, 
however, they are not perfect to find any failure in 
decoder circuits. Marching is the most simple and 
necessary pattern to check the function of IC 
memories. 


2. MARCHING PATTERN 


The marching pattern, as its name indicates, is a pat- 

tern in which ‘‘1'’s march into all bits of ‘0's. For 

example, a simple addressing of 16 bit memory is 

described below. 

(1) Clear all bits ............. See Fig. 1 (a) 

(2) Read ‘‘0” from Oth address and check that the 
read data is ‘0’. Hereafter, ‘Read’ means 
“checking and judging data” 

(3) Write ‘1’ on Oth address....... See Fig. 1(b) 

(4) Read “0” from 1st address. 

(5) Write “1’’ on 1st address. 

(6) Read “0” from nth address. 

(7) Write ‘1’ on nth address ...... See Fig. 1(c) 

(8) Repeat (6) to (7) to the last address. Finally, 
all data will be “1”. 

(9) After all data become ‘1’, repeat from (2) to 
(8) replacing ‘‘0” and “1”. 

In this method, 5N address patterns are necessary 

for the N-bit memory. 





Figure 1 Addressing method of for 16 bit memory in the 
Marching pattern 
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M@ APPLICATION 





1. Static RAM 


1.1. Static RAM Memory Cell 

The static RAM memory cell consists of flip-flops 
organized as 4 NMOS transistors and 2 load resistors 
as shown in figure 1-1. The data in the cell can be 
retained as long as power is supplied, and read out 
without being destroyed. 


Word Line 





Figure 1-1. Static RAM Memory Cell 


1.2. Data Retention Mode and Battery Back-up 
System 
The data in RAM is destroyed at power off. How- 
ever, CMOS static RAM has a data retention mode. 
In this mode, power consumption at standby is ex- 
tremely low and supply voltage can be reduced to 
2V. So, it enables a battery back-up system to 
retain data during power failure. 
Data Retention Mode: The important point in 
designing a battery back-up system is the timing 
relation between the memory power supply during 
the change (ordinal source > battery) and the chip 
select signal. If the timing for the change is missed, 
the data in memory might be destroyed. 
Figure 1-2. shows the timing for switching the 
power supply. The following explains the technical 
terms related to the data retention mode. 


Data retention mode 





Timing for Battery Back-up Application 


Figure 1-2. 


Data retention mode: The period that the power 
supply voltage is lower than the specified operation 
voltage. During this period, memory must be kept in 
non-select condition (e.g. CS = Vor ~— 0.2V). 


tcp R (time for chip select to data retention): The 

minimum time needed to change from operating 

mode to data retention mode. Normally 0 ns. 

te (Operation recovery time): The minimum time 

needed to change from data retention mode to 

operating mode. Normally, it is the same as the 

cycle time of the memory. 

Vor (data retention voltage): The voltage applied in 

data retention mode. Normally, the minimum 

supply voltage needed to retain memory data is 2 V. 

lccpr (data retention current): The current con- 

sumption in data retention mode. It depends on 

memory power supply voltage and ambient tem- 

perature. It is specified at supply voltage (Vp) = 

3.0 V. 

Battery Back-up System: battery back-up sequence 

is described in the following: 

1. External circuit detects failure of system power 
supply. 

2. External circuit changes RAM to standby mode. 

3. External circuit separates RAM from system 
power supply. 

4. External circuit switches to Back-up power 


supply. 









Memory Vcc 





System Vec 
e@ 


Regulating 


Memory 
control pin 


Example of Battery Back-up System 


Figure 1-3. 


The control circuit detects the power failure and 
cuts off the power after switching memories to 
standby mode. On recovery, it confirms power 
supply and after some delay, returns memories to 
operating mode. The memory control signals 
depend on the types of memories used in the 
system. 

Using memory with only one CS. NAND signal 
between the control signal and chip select signal 
should be connected to CS. As the level of CS in 
data retention mode must be higher than Vopr — 
0.2V, the power supply for this NAND gate must 
either be shared with the memory power supply, 
or be pulled up to the memory power supply. 
Using memory with two CS. Basically, the 
signals are the same as mentioned above. In 
general use, two pins should be used for the 
control signal and the chip select signal respec- 
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Application 


tively. CS, which can intercept current path of 
other pins in the input buffers, is for control 
signal input of data retention mode. 

* Using memory with CS and CS. As CS selects 
the chips at high level, it is better to use CS than 
CS as control signal input for data retention 
mode. As soon as power down is detected, 
signals should be brought to low level. So a pull- 


Regulating circuit 





System Vcc 








Detective 
eircult 

of system 
Vec 


generating 
circuit 


| Control circuit 


Example of Battery Back-up System Circuit 


Figure 1-4. 









up to the memory power supply level is not 

needed and circuit organization is simplified. 
Figure 1-4 shows an example of a battery back-up 
system circuit. Hitachi recommends using CMOS 
logic for gate Gy in control circuit and memory 
Vec. The low Vee transistor Q; is required to 
switch regulating circuit from system power supply 
to back-up power supply. 










Back-up : 
circuits 
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2. Pseudo-Static RAM 

2.1 Pseudo-Static RAM Features 

A new type of memory, pseudo-static RAM has 
been developed providing the advantages of 
dynamic RAM (low cost, high density), and static 
RAM (easy usage). 1C memory consists of memory 
cells for data storage, and input/output circuits for 
interfacing to the external circuits. PSRAM pro- 
vides the memory cell and peripheral circuits of 
DRAM and the external control circuits, which 
includes a part of the refresh control circuits not 
provided by dynamic RAM, and interface circuits 
similar to that of static RAM, on a chip, as shown in 
table 2-1. Address input is not multiplexed and 
data input/output is byte-wide like standard static 
RAM. With PSRAM x 8 organization, medium 
density memory system can be designed easily. 
PSRAM provides address refresh, automatic refresh 
and self refresh. 

Figure 2-1 shows examples of system design using 
PSRAM and DRAM. Using PSRAM, the circuits 


Table 2-1. PSRAM Features 


Memory Cell 4Tr+2R 1Tr+1C 
: Multiplexed 
Address Single Address Address 
Nor 
Refresh Necessary Necessary 
External Circuits Simple<—————> Complexed 


interfacing CPU to DRAM can be drastically 
reduced. 

Figure 2-2 shows block diagram of pseudo static 
RAM. 


2.2. 1 Mbit Pseudo-Static RAM Function 

Read/Write Cycle: Figure 2-3 and figure 2-4 show 
the timing chart for the read/write cycle of 1 Mbit 
pseudo-static RAM HM658128. The HM658128 
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Figure 2-1. 


System Organization 
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Figure 2-2. 


Block Diagram (PSRAM) 


can perform 2 types of access in a read cycle, CE 
access (Figure 2-3 (a)) and OE access figure 2-3 (b)). 
It writes the data at the rising edge of WE (figure 
2-4 (a)) or at the rising edge of CE (figure 2-4 (b)). 
The CS pin should be brought high when the ad- 
dress is latched at the falling edge of CE in the read/ 
write cycle. The HM658128 has no OE specifica- 
tion at the falling edge of CE as it provides both OE 
pin and RFSH pin. 





OE 
WE 
CS 
Data 
(a) CE access (b) OE access 
Figure 2-3. Read Cycle 
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CS Standby Mode: The HM658128 enters CS 
standby mode for one cycle if CS turns to low 
at the falling edge of CE (figure 2-5). 





CE 
Standby 
Address a 
CE 
OE 
CS 
WE 
cs Figure 2-5. CS Standby Mode 
Data 
(a) Wnite at the rising edge of WE (b) Write at the rising edge of CE 
Figure 2-4. Write Cycle 
Address Refresh: Address refresh mode performs distributed mode). In this mode, CS should be high 


refresh by access to row address (AO — A8) 0 — 511 at falling edge of CE. 
sequentially within 8 ms, as shown in figure 2-6 (in 


8ms 





l5us 


A0~A8 


A9~AI16 





CS 


Refresh R/W 


Figure 2-6. Address Refresh 


Automatic Refresh: The HM658128 goes to auto- address pins AO — A&8, as it is generated internally. 
matic refresh mode if RFSH falls while CE is high Figure 2-7 shows the timing chart for distributed 
and it is kept low for more than 180 ns. refresh. In automatic refresh mode, the timing for 
It is not required to input the refresh address from only CE and RFSH are specified. 





15us 


RFSH 


180ns S Refresh< 8us 


Figure 2-7. Automatic Refresh 


Self Refresh: Self refresh mode performs refresh at enabled by keeping CE high and RFSH low for 
the internally determined interval. The HM658128 more than 8 us (figure 2-8). 
enters the mode when the internal refresh timer is 
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2 ‘ 


2 8us = 180ns 


Figure 2-8. Self Refresh 


Considerations on Using HM658128: The following 

should be considered when using the HM658128. 

@ Data retention. The HM658128 can retain the 

data with a battery (but not for long time). The 
HM658128L, low power version, offers typical 
self-refresh or standby current of 100uA. 
A 1-Mbyte system (using eight HM658128Ls) 
can retain the data for about 1.5 months with 
battery of 100 mAh current. Vcc = 5 V + 10% 
must be maintained for data retention. 

@ Power on. Start HM658128 operation by 
executing more than eight initial cycles (dummy 
cycles) more than 100 us after power voltage 
reaches 4.5 V — 5.5 V after power on. 

@ Bypass capacitor. Hitachi recommends inserting 
1 bypass capacitor per RAM. 


2.3 Pseudo-Static RAM Data Retention 

PSRAM with self refresh retains data CE and OE 
are fixed for more than defined period. The follow- 
ing explains considerations for PSRAM data reten- 
tion. 

First, PSRAM cannot retain the data at low supply 
voltage. 

They employ 1 MOS type memory cell as shown in 
figure 2-9. The charge is stored on the capacitor C 
as memory data. The data 1, written at low supply 


Word Line 





C 


a 


Memory Cell of PSRAM 


Data Line 


Figure 2-9, 


voltage, cannot be read as 1 at high supply voltage. 
Figure 2-10 indicates the operation voltage for self 
refresh and subsequent read of PSRAM. If the data 
is read out at more than 5 V of Vcc, for example, 
after self refresh is performed at Vcc = 3.7 V, it is 
destroyed. 

PSRAM must be used at supply voltage from 4.5V 
to 5.5V. 





Application 


Second self refresh current increases at low supply 
voltage. 


Spec 


Fail 


Read Voltage 


Self Refresh Voltage 


Figure 2-10. PSRAM Operating Voltage 


PSRAM provides the voltage level detector circuit 
to reduce self refresh current. However, it should 
be noted that the circuit increases the current with 
low supply voltage in self refresh (figure 2-11). Self 
refresh current also increases at low temperature 
(figure 2-12). 


Current 


Power Supply Voltage 


Figure 2-11. Self Refresh Current vs. Voltage 


Current 
So 
Q 


Temperature 


Figure 2-12. Self-Refresh Current vs Temperature 


Please use PSRAM within the recommended opera- 
tion range (Vcc more than 4.5 V, temperature more 
than O°C) for data retention, especially using a 
battery. 
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3. Video RAM 

3.1. Multiport Video RAM 

Figure 3-1 shows general idea of video RAM. Multi- display memory is realized by using the random 
port video RAM provides an internal data register port of the RAM part for graphic processor drawing 
(SAM) with the memory (RAM). Both of them and the serial port of the SAM part for CRT display. 
can be accessed asynchronously. Effective graphic 


RAM SAM 














DRAM 


memory cell qacaaered Serial port 


Random port 


Data register 


Drawing 


Address Multi-port 


Video RAM 
Graphic 
Processor 


Figure 3-1. General Idea of Multi-port Video RAM 





Figure 3-2 shows the block diagram of the 256- shows the operation modes of the HM53461. 
kbit multiport video RAM HM53461, and table 3-1 


DT/OE. 







Dynamic 
RAM 
memory 
cells 






Data register 







Temporary 
write mask 
register 








RS SERN oe 


SC SOE 
Figure 3-2. Block Diagram of HM53461 


The operation modes shown in table 3-1 are described as follows. 


Table 3-1. Operation Modes of HM53461 


At the falling edge of RAS RAM modes SAM modes 
CAS | DT/OE SOE SI/O direction Notes 


© 








|_SI/O direction _| 

H | a |_| x | Readjonite 2,3 
Hq | Lt H | x | Read transfer 
Ho} Lf bk | Lk | Writetransfer | Sin S| 
H a a Pacude Gantter ff Sin 

H: High 

L: Low 

X: Don’t Care 


Notes: 1. Transfer cycle executed previously defines SI/O direction. 
2. SI/O is in high impedance state with SOE high, even if the direction is Sout, 
3. The HM53461 starts write operation if WE is low at the falling edge of CAS or become low between the falling 
edge of CAS and the rising edge of RAS. 
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Read/Write Operation: Read/write is performed 
on the random port in the same sequence as for a 
dynamic RAM (figure 3-3). The HM53461 starts 
the read operation with WE high and the write 
operation at the falling edge of WE. 


A0- A7 










Data register 
Selector 


Column I/O 


Temporary 
write mask 
register 


1/01—1/04 


Figure 3-3. Read/Write Operation 


Temporary Write Mask Set and Temporary Masked 
Write Operation: The HM53461 provides tem- 
porary masked write operation which inhibits to 
write data bit-by-bit (write mask) during one RAS. 
cycle. Temporary write mask set function defines 
the bits to be inhibited (figure 3-4). This operation 
puts the data on 1/01 — 1/04 into the internal tem- 
porary write mask register. When 0 is programmed 
to the register, writing to the corresponding bit is 
inhibited. 

The temporary write mask register is reset at the 
rising edge of RAS. 









Column 
latch 


Column I/O 
Data register 





1/01—1/04 


Figure 3-4. Temporary Masked Write Operation 
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Read Transfer Operation: In this cycle, the 
HM53461 transfers the data of one row in RAM 
(1024 bits), which address is specified at the falling 
edge of RAS, to SAM (figure 3-5). The start address 
in SAM can be programmed at the falling edge of 
CAS in this cycle. After data transfer, the serial 
port turns to serial read mode at the rising edge of 
DT/OE. 









SAM start address 





Selector 


> SI/01-SI/04 


Column decoder 
Column 1/0 


Data register 


Figure 35. Read Transfer Operation 


Write Transfer Operation: In this cycle, the 
HM53461 transfers the data in the SAM data re- 
gister (1024 bits) to one row in RAM, which address 
is specified at the falling edge of RAS (figure 3-6). 
The start address in SAM can be programmed in this 
cycle. After data transfer, serial port turns to serial 
write mode. 


A0- A7 


Column Row 
latch latch 
commer! 










SAM start address 






K__] SI/01-SI/04 


Column decoder 
Column I/O 
Data register 


Figure 3-6. Write Transfer Operation 


Pseudo Transfer Operation: This operation switches 
the serial port to serial write mode (figure 3-7). It 
does not perform data transfer between RAM and 
SAM. SAM start address can be programmed in this 
cycle. 
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A0—A7 





SAM start address 


s| [a DRAM ‘ 
= é memory 2 K ] SI/01—-SI/04 
£ 3 cell 
2 8 3 
S| 1° a 
Figure 3-7. Pseudo Transfer Operation 


CAS-Before-RAS Refresh Operation: The HM53461 
performs refresh by using the internal address 
counter in this operation (figure 3-8). 


Column Row 
latch latch 
Row 






Data register 


Column decoder 
Column I/O 


Figure 3-8. CAS-Before-RAS Refresh 


Temporary 
write mask 
register 





Serial Read/Write Operation: The HM53461 reads/ 
writes the contents of the SAM data register in serial 
at the rising edge of SC (serial clock input) (figure 
3-9). The address for serial access is generated by 
the internal address pointer, independently of 
random port operation. It should be considered 
that serial access is restricted in transfer cycles. The 
SAM, employing static-type data registers, requires 
no refresh. 


Column Row 
latch latch 
Row 





K —» S1/01—SI/04 


Column 1/0 
Data register 





Figure 3-9. Serial Read/Write Operation 


The HM53462 is a multiport video RAM, adding 
logic operation capability to the advantages of 
HM53461. 

Figure 3-10 shows the block diagram. Table 3-2 
describes the operation modes. 


DT/OE 


Data 
register SI/O 


Figure 3-10. Block Diagram of HM53462 
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Table 3-2. Operation Modes of HM53462 














At the falling edge of RAS SAM modes 

cas | pT [OE WE SOE as SI/O direction Notes 
H H H xX Read/write Sin/Sout 1,2,3 
H ee ee a a ae Temporary masked write Sin/Sout 1, 2,3 
Se Ss 
H Write transfer ~ St 
H Fo ovo] Lo] aH | Pseudo transfer 
L CAS-before-RAS refresh 1,2 
che ina oe ! 

H: High L: Low X: Don’t Care 
Notes: 1. Transfer cycle previously executed defines SI/O direction. 


2.  SI/O is in high impedance with SOE high, even if SI/O direction is Sout. 
3. HM53462 writes if WE is low at the falling edge of CAS or becomes low between the falling edge of CAS and the 


rising edge of RAS. 


Logic Operation Programming: This function 
programs a logic operation (figure 3-11). The logic 
operation is available until re-programmed or reset. 
In logic operation mode, HM53462 performs read- 
modify-write internally when data is written into 
random port. The result of the logic operation 
between memory data and written data is put into 
the address from which the memory data is trans- 
ferred. 

In the logic operation programming cycle, the mask 
register, which differs from the temporary mask re- 
gister, is also programmed. It is available until re- 
programmed. 


Selector 


be 
2 
@ 
i) 
2 
3 
i) 


~ 
CI 
3 
9 
13) 
a 
as) 
s 
& 
a 
= 
ro} 
O 





1/01—1/04 


(dotted hnes indicate wnte in logic operation mode) 


Figure 3-11. Logic Operation Programming 


Notes: Notes on using HM53461/HM53462 are as 

follows. 

@ Dummy RAS cycle. Devices should be initialized 
by 8 dummy RAS cycles (minimum) before 
access to random port. Refresh cycle can be in- 
serted for initialization. It is recommended that 
the system be initialized by dummy RAS cycle in 
the automatic reset time of the processor. 

@ Bypass capacitor. One bypass capacitor should 
be inserted between Vcc and Vss to each device. 
The Vcc pin should be connected to the capaci- 
tor by the shortest path. A capacitor of several 
LF is suitable. 

@ Negative voltage input. Negative polarity input 
level to input pin or 1/0 pin should be under —1 
V. In this range, it has no effect on device 
characteristics or RAM/SAM data retention. 

@ Initialization of logic operation mode 
(HM53462). The logic operation programming 
cycle should be executed before access to the 
random port to initialize logic operation mode 
after power on. At this time, the operation 
codes (0101) and all 1 write mask data are re- 
commended. 


3.2. Line Memory 

Hitachi has produced a line memory for line buffers 

with simple circuits, providing specific functions as 

described below. 

The line buffer can improve picture quality by 

storing 1 horizontal line data. It has following 

features. 

@ Capacity to store 1 horizontal line data 

@ High-speed operation matching the sampling 
speed of PAL TV signal (4 fsc/8 fsc) or NTSC TV 
signal (4 fsc/8 fsc). 
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@ Separate data inputs/outputs and capability of 
serial data inputs and outputs. 

The conventional line buffer composed of high 
speed static RAMs requires separate input/output 
for double buffer organization. It also requires 
interleaving for high speed operation, matching 
4 fsc/8 fsc, where fsc is the subcarrier frequency. In 
addition, external circuits are needed for serial 
address scan. 

The line memory provides all of these functions. 
Figure 3-12 shows the standard organization of a 
conventional memory buffer and figure 3-13 
shows the block diagram of line memory. 


Line Buffer 
Interleaving 








Address 
Control 







Figure 3-12. Standard Organization of Conventional 
Line Buffer 












Read 
Address 
Counter 






Input 
Buffer 








Read 
Clock 


The Hitachi HM63021 is a 2048-word x 8-bit line 
memory storing 2 horizontal lines of data. 
It has five different modes for various video graphic 
system applications. It realizes high speed opera- 
tions for PAL and NTSC TV signals, and dissipates 
little power employing 1.3 wm CMOS technology 
and static-type memory cells. 
The features of the HM63021 are described as 
follows: 
@ Five modes for various video graphic system 
applications 
— Delay line mode 
Alternate 1H/2H delay mode 
TBC (Time-Base Corrector) mode 
Double speed conversion mode 
— Time-base compression/expansion mode 
@ High speed cycle time 
— HM63021-34: 34 ns min (corresponds to 8 fsc 
of NTSC TV signal!) 
— HM63021-28: 28 ns min (corresponds to 8 fsc 
of PAL TV signal). 
Line memory in the system using digital signal 
processing technologies offers following applica- 
tions: 
1. comb filter 
2. double-speed conversion (non-interlace) 
3. compression/expansion of graphics (picture- 
in-picture) 
4. dropout canceller 
. time-base corrector 
6. noise reducer 


o1 


Input 2 Output 
Write Address 
Clock Counter 
Figure 3-13. Block Diagram of Line Memory 
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4. Dynamic RAM 

4.1. Dynamic RAM Memory Cell 

The dynamic RAM memory cell consists of 1 MOS 
transistor and 1 capacitor, as shown in figure 4-1. It 
detects the data in the cell (1 or 0) by the charge 
stored in capacitor. Dynamic RAM offers higher 
density than that of static RAM because of fewer 
components per chip. 

However, Dynamic RAM must rewrite data, called 
refresh, in a defined cycle because the charge stored 
in the capacitor leaks. 


Word Line 





Figure 4-1. Memory Cell of Dynamic RAM 

4.2. Power On Procedure 

After turning on power, to set the internal memory 
circuitry, hold for more than 100 pws, then apply 
eight or more dummy cycles before operation. The 
dummy cycle may be either a normal read/write 
cycle or a refresh cycle. When using an internal re- 
fresh counter, eight or more CAS before RAS 
refresh cycles are required as dummy cycles. 


AO — A9} Address Inputs 


CAS Column Address Strobe 
Din Data In 
Dout Data Out 





RAS | Row Address Strobe 
WE | Read/Write Input 
Vcc | Power (+5V) 
Vss | Ground 
AO — A8| Refresh Address Inputs 


(a) Pin Arrangement 
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4.3. Address Multiplexing 

Dynamic RAMs are used to increase capacity be- 
cause of their smaller cell area. In using dynamic 
RAMs in systems, however, it is desirable to increase 
the memory density by using smaller packages. To 
reduce the number of pins and the package size, 
address multiplexing is used. 

Using a 1-Mbit dynamic RAM, 20-address signals are 
necessary to select one of 1,048,576 memory cells. 
Address multiplexing allows address signals to be 
applied to each address pin. Thus only 10-address 
input pins are required to select one of 1048,576 
addresses. Multiplexed address inputs are latched 
as follows: RAS (Row Address Strobe) selects one 
of word lines according to the row address signal, 
and one of column decoders is selected by CAS 
(column address strobe) following column address 
signal. Although two extra signals, RAS and CAS, 
are required, the number of address pins is reduced 
to half. Figure 4-2 shows the pin arrangement, 
address latch waveform, and the block diagram of 
address-multiplexed 1-Mbit dynamic RAM. Systems 
need an address multiplexer in order to latch the 
multiplexed address signals into the device. 


Memory Cycle 
RAS 
CAS 
Row Address Column Address 


Address 


(b) Address Latch 


External penpheral ely Internal memory LSI 


Cireut i 





Row | 
Address 


Column 
Address 





Multiplexed 1 
Address | 


RAS Row 


Address 







Column address 


(c) Block diagram of Address Multiplexing 
Figure 4-2 Address Multiplexing of Dynamic RAMs 
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4.4. Dynamic RAM Function 
Figure 4-3 shows the normal function of Dynamic 
RAM. 








RAS 
CAS 
Address 
WE 
Dout 
(a) Read Cycle 
RAS 
CAS 
Address 
WE 
Din 
Dout High 
(Early Write) (4) Write Cycle 
RAS 
CAS 
Address 
WE 
Din 


Dout High Z \ 


(c) Read-Modify-Write Cycle 








trc: Random Read or Write Cycle Time 
trcp: RAS to CAS Delay Time 
trac: Access Time from RAS 
Toac: Access Time from CAS 
‘ Row Address 
C: Column Address 





CLLLLLALLILLLLLLL 


(Delayed Write) 


trwc: Read-Write Cycle Time 


Figure 4-3 Normal Function of Dynamic RAM 


Read Cycle: In the read cycle, a row address is 
latched at the falling edge of RAS, and a column 
address is latched at the falling edge of CAS after 
the RAS falling edge. If WE is high, the data is 
read out from Dout with the access time of tcac 
(Access time from CAS) or tgac (Access time 
from RAS). 

The tecp maximum (RAS to CAS delay time) is 
specified only to guarantee the specified minimum 
values of other timings such as the cycle time, 
RAS/CAS pulse width. Therefore, when using these 


timings with more than the specified minimum 
value, there is no need to limit the tacp to the 
specified maximum value. 

Write Cycle: Dynamic RAM provides two write 
cycle modes: early write cycle and delayed write 
cycle. In the early write cycle, when WE is low, 
data is written into Din at the falling edge of CAS. 
In delayed write cycle, when WE is high, data is 
written into Din at the falling edge of WE after CAS 
falling. 

Read-Modify-Write Cycle: The read-modify-write 
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cycle is initiated by taking WE high. Data is read 
out from Dout at the falling edge of CAS with WE 
high. Then, when WE goes low, data is written into 
the same address from Din in the same cycle. 

The cycle time in the read-modify-write mode 
(tawc) is longer than the cycle time in read/write 
mode (tac). 


4.5 High Speed Access Mode 

Dynamic RAM access time is typically longer than 
that of static RAMs. To realize higher speed opera- 
tion, they have high speed access modes. 

The read operation in dynamic RAM is performed 
as follows: 
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When a word line is selected by row address, all data 
in the memory cells connected to the selected word 
line is transferred to sense amplifiers. One of these 
sense amplifiers is selected by the column address, 
and its contents are output. 

The output of data from other sense amplifiers is 
controlled only by the column address. 

Access controlled only by column address with the 
row address fixed is called high speed access mode. 
Table 4-1 compares each mode. 

Page Mode: This is the most typical access mode in 
dynamic RAM. The column address is switched 
synchronized with CAS falling. 

Nibble Mode: In a nibble mode dynamic RAM, 


Table 4-1. Comparison of Dynamic RAM High Speed Access Modes 


RAS 
Normal CAS 
Mode Address 
Dout 
RAS 
Page CAS 
Mode Address 
Dout 
RAS 
Nibble CAS 
Mode Address 
Dout 
RAS 
Static Column cs 
Mode 
Address 
Dout 
RAS 
High-Speed —— 
CAS 
Page Mode 
Address 


Dout 








R : Row Address 
C ° Column Address 
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data from 4 sequential addresses is stored in the 
4-bit output latch circuits. Output is provided by 
the CAS signal, which controls the latch circuits. 
When 4 addresses are accessed sequentially, the row 
addresses on and after second bit need not be 
selected. Therefore, it facilitates the timing design. 
In nibble mode, the operation is limited to 4 ad- 
dresses, however, it enables faster access (ty,ac) 
than that in page mode. 

Static Column Mode: In static column mode, the 
column address is switched without the synchro- 
nized signal by high-speed static RAM technology 
in the peripheral circuits. 

High Speed Page Mode: This mode is the advanced 
mode of static column mode, with CAS providing 
the address latch function. 


4.6 Refresh 

Refresh operation is performed by accessing every 
word line within the specified time (refresh cycle). 
Table 4-2 compares the following refresh modes in 
dynamic RAM. 

RAS Only Refresh: In RAS only refresh mode, 
refresh can be completed by selecting only row 
addresses synchronized with RAS. 

CAS Before RAS Refresh: This mode refreshes by 
the CAS falling edge before RAS in the period de- 
fined by the internal refresh address generator. This 
mode simplifies the external address multiplexer. 
Hidden Refresh: In hidden refresh, CAS before 
RAS refresh is performed while output data is valid. 


Table 4-2. Comparison of Dynamic RAM Refresh Modes 








Read 
R : Row Address 
C : Column Address 
RAS Only 
Refresh 
Dout Dout High Impedance 
CAS before RAS Nye 
RAS CAS \___.___ J 
Refresh Address ZL 
Dout 
~=a-———Read Cycle ———-.»> ~<a—-——-Refresh Cycle —_» 
Hidden 
Refresh 





V//7. Don’t care 
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5. EEPROM 

5.1. EEPROM Memory Cell 

EEPROM is electrically erasable and programmable 
ROM, which can be erased or written remotely 
while the system is in operation. 

The Hitachi EEPROM memory cell is MNOS (Metal 
Nitride Oxide Semiconductor) type, as shown in 
figure 5-1. 

An MNOS memory cell consists of two layers of 
oxide film and nitride film. The thickness of oxide 
film is about 20 A and that of nitride film is 300 to 
500 A. There are traps in the boundary of the 
oxide and nitride films to catch electrons. Electrons 
move by the tunneling phenomenon between the 
substrate and traps. 


N Substrate 


Figure 5-1. MNOS Type Memory Transistor 

5.2. 64-kbit CMOS EEPROM Function 

Page Write Function: The 64-kbit HN58C65 can 

latch 32 bytes (max) and write them in one write 

cycle. Writer cycle time is specified as 10 ms (max.). 

The effective byte write speed of HN58C65 in page 

write mode is: 

10 ms/32 bytes = 0.31 ms/byte 

Thus it takes only 2.56 seconds to write the whole 

HN58C65. Figure 5.2 shows internal operation. 

The following describes operation sequence: 

1. 32-byte memory cell data at the row address 
selected by address pins A5 — A12 is latched. 

2. Latched data at the column address specified by 
address pins AO — Aé4 is altered with write data, 
which is put into Din buffer from 1/0 pins 1/00 
— 1/07. 

The 32 bytes (max) of latched data are altered 
by repeating this operation 32 times. 

3. 32-bytes memory cell data in the selected row 
(1) are erased (All 1). 

4. Latched data is written into the selected row (3). 

5. CPU acknowledges the completion of write cycle 
by the internal timer. The HN58C65 provides 
RDY/BUSY and Data polling to indicate the 
write completion. 
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MNOS memory cell 







A5~A13 


OL ADDN A dddderhadububtedabapuaji 


EL hood 
ra ¥ 


Row decoder 


A0~A4 
Figure 5-2. HN58C65 Page Write 
Internal Timer: The HN58C65 indicates the 


completion of data write to the CPU by using the 
internal timer. The HN58C65 enters next cycle as 
soon as detecting the completion of write. This 
function offers high system throughput as the CPU 
can access other devices during write cycle. The 
HN58C65 has two functions, RDY/Busy and Data 
polling, to indicate the completion of data write. 
The RDY/Busy approach indicates the completion 
of data write by using pin 1. It is low when the 
HN58C65 is in data write operation (Busy) and 
turns to high impedance state at the end of data 
write (RDY). RDY/Busy pin should be pulled up as 
jt uses open drain output. The RDY/Busy pins can 
be wired-OR when using several HN58C65s. 
The Data polling approach, implemented by soft- 
ware, indicates the completion of data write 
through pin 19 (1/07). While the data write is not 
completed, 1/07 shows the inverted data of what 
was written in the last cycle. In using this approach, 
RDY/Busy pin should be opened or grounded. 
The Data polling approach can acknowledge the 
completion of data write in an individual HN58C65, 
even if several HN58C65s are used in the system. 
Data Protection: EEPROM performs data write 
with a higher voltage (Vpp) than power supply 
voltage (Vcc). The HN58C65 internally generates 
Vpp by a high voltage generator with the combina- 
tion of control pins (CE, OE, WE). It supports the 
following functions to avoid accidental data write 
(data protection). 
1. Data protection against the noise on the control 
pins (CE, OE, WE) during operation. 
2. Data protection against the noise at power-on/ 
power-off. 
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6. EPROM/OTPROM 

6.1. EPROM Programming 

Figure 6-1 shows the sectional structure of an 
EPROM memory cell. The upper gate, one of the 
gates made of two-layered polycrystalline silicon, is 
called the control gate and is connected to a word 
line. The lower layer is called the floating gate and 
is not connected. This memory cell is programmed 
as follows: With substrate and source grounded, 
apply high voltage between drain and control gate. 
Then, an electric potential incline occurs between 
source and drain so that intensity of the electric 
field becomes high near the drain. Because of this 
electric field, electrons are accelerated and so-called 
hot electrons are generated, which jump over the 
energy barrier of SiO, film. Hot electrons are 
pulled by the electric potential of the control gate 
and pour into the floating gate. Electrons stored in 
the floating gate remain stable, as they fall into a 
well surrounded by an energy barrier of SiO, film. 
Therefore, it is evident that the quality of SiO, film 
surrounding the floating gate is essential for good 
data retention characteristics. To keep data reten- 
tion in the 5- or 10-year range, high quality SiO, 
film is needed. 

Figure 6-2. shows the fundamental characteristics of 
the EPROM transistor. While Ip in a non-pro- 
grammed transistor begins to flow with Vg of about 
1V, the current in a programmed transistor does not 
flow until Vg rises to 7 V — 10 V. Therefore, if the 
voltage of word line applied to the control gate is 
about 5 V in readout, the non-programmed memory 
transistor will be on, and the programmed one will 
be off. This means that the data can be read out by 
means of the same structure as NOR-type mask 
ROM. 


6.2. Erasing EPROM 

When shipped, all bits of the EPROM are at logic 1 
with all electrons in the floating gate released 
(erase). Changing the logic 1 to logic 0 through the 
application of the specified waveform and voltage, 
programs the necessary information. The higher the 
Vpp voltage and the longer the program pulse width 
tow, the more electrons can be programmed in, as 
shown in Figure 6-3. If Vpp exceeds the rated 
value, such as by overshoot, the p-n junction of the 
memory may yield to permanent breakdown. To 
avoid this, check Vpp overshoot of the PROM 
programmer. Also, check negative-voltage-induced 
noise at other terminals, which can create a parasitic 
transistor effect and reduce the yield voltage. 


Hitachi’s EPROMs can usually be written and erased 
more than 100 times. 


Control Gate 
Floating Gate 


P Substrate 





Figure 6-1. Cross Section of EPROM Memory Cell 
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Figure 6-2. 


Programming Conditions ; 
8 Vec = 6.0V . 
Vpp = 12.5V 


Stored Charge (Relative) 
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Program Pulse Width tpw (ms) 


Figure 6-3. Standard Programming Characteristics 
of EPROMs 


EPROMs are erased by ultraviolet light exposure 
through a transparent window on the package. 
Electrons in the floating gate get energy from 
photons and become hot electrons again with 
enough energy to go over the energy barrier of SiO, 
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film. The hot electrons go through to the control 
gate or the substrate and erasure is completed. 
Therefore, light with enough energy to get the 
electrons over the energy barrier of SiO, film is 
needed for erasure. Light energy is proportional to 
its frequency, and described as E = hv. E means the 
energy of light, h is Planck’s constant, v is light 
frequency. Erasure isn’t caused by light over certain 
wavelengths, and under certain wavelengths, erasure 
does occur. However, erasure time depends upon 
the quantity of photons, therefore erasure time 
cannot be shortened by shorter wavelength. Figure 
6-4 shows the relation between wavelength and 
erasure effectiveness. Erasure starts at about 4000 
A, and is saturated at about 3000A. 


na 
i3) 
S 
@ 
ov 
5 
8 
tx) 
3000A 4000A Wavelength 
Figure 6-4. Erasure Efficiency of EPROM 


For erasure, the wavelength and minimum irradia- 
tion rate of ultraviolet light must be 2,537A and 15 
Wes/cm? respectively. These conditions can be met 
by placing the device 2 — 3cm below a 12,000 
W/cm? UV lamp for about 20 minutes. 

The UV transmittance of the transparent lid 
materials is about 70%. However, it is influenced by 
contamination or foreign materials on the lid 
surface. Contamination or foreign materials should 
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Figure 6-5. Standard Erasure Characteristics 
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be removed with a solvent such as alcohol that does 
not damage the package. 

Figure 6-5 shows EPROM standard erasure charac- 
teristics. 


6.3. EPROM Data Retention Characteristic 

About 2 to 20x 107%* coulomb of electrons are 
accumulated in the floating gate when programmed. 
However, these electrons dissipate with time. Then 
the data may be inverted. The mechanism of 
electron dissipation is generally explained as fol- 
lows. 

Data Dissipation by Heat: The electrons at the 
floating gate are in a non-equilibrium state, so the 
dissipation of electrons by thermal energy is un- 
avoidable. Therefore, the data retention time 
depends on temperature. Figure 6-6 shows typical 
data retention characteristics. The data retention 
time is proportional to the reciprocal of absolute 
temperature. 
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fu 
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Figure 6-6. EPROM’s Data Rentention Characteristic 


Data Dissipation by Ultraviolet Light: Ultraviolet 
rays at a wavelength of not greater than 3,000 — 
4000A is capable of releasing the electric charge at 
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Figure 6-7. EPROM’s Data Retention Time 


@ HITACHI 
Hitachi America, Ltd ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy © Brisbane, CA 94005-1819 © (415) 589-8300 51 


Application 


floating gate of the EPROM with varying efficien- 
cies. Fluorescent light and sunlight contain some 
ultraviolet light, and so prolonged exposure to these 
lights can cause data corruption as a result of 
electric charge dissipation. Figure 6-7 shows the 
standard, data retention time under an ultraviolet 
eraser, sunlight and fluorescent lighting. 


6.4 Optimized High-Speed Programming 

With the increase of EPROM density, the time for 

programming becomes more important. The 

method for high speed programming has been de- 

veloped and put into practical use according to 

each EPROM generation. 

Following explains three methods for High-Speed 

programming. 

(1) First generation ... conventional programming. 

This method is employed in the 3um and 5yum 

process products. Programming is performed with 

a uniform pulse of 50 ms per byte. Although it is 

the advantage that it applies enough pulse to all 

bits, it takes much time to program high density 

devices. 

(2) Second generation ... High performance 
programming 

This method is employed in 2 um process product. 

“High Performance programming (figure 6-8) is 









SET PROG /VERIFY MODE 
Vep=12 510 3V Vec=6 040 25V 






Address=0 


Address + 1Address 


NOGO 






SET READ MODE 
Vee=5 0+0.25V, Ver=Vec 


Figure 6-8. High-Speed Programming 
(High Performance Programming) 


performed with a base pulse of 1ms width. It 
repeats programming and reading (verifying) until 
the data is programmed enough. There are two 
good points in this programming. 
First, the programming itself is performed with 
optimum program time depending on the capabili- 
ty of each memory cell. 
Second, after verification, the data is programmed 
using three times as long a pulse and assures high- 
reliability data retention. 
(3) Third generation ... Fast High Reliability Pro- 
gramming 
This method is employed in the 1.3 um process 
products. ‘Fast High-Reliability Programming’ 
(figure 6-9) is performed with a base pulse of 0.2 
ms. It also shortenes a supplement pulse width to 
one-third of that of “High Performance Pro- 
gramming’. As a result, this method realizes short 
programming time, reduced to _ one-tenth 
theoretically. 
1M bit EPROM series employ “Page Pro- 
gramming”, which programs 32-bit at once (figure 
6-10), reducing programming time to a quarter of 
“‘Fast High-Reliability Programming” for 128k x 8 
organization and a half for 64k x 16 organization. 
Figure 6-11 shows the programming time of above 
methods. 
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Figure 6-9. 0.2ms High-Speed Programming 
(Fast High-Reliability Programming) 
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SET PAGE PROGRAM LATCH MODE 
Vep=12.5V £0.3V, Veco =6.0V+0.25V 
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Figure 6-10. Page-Mode Programming 
(Page Programming) 


6.5 Device Indentifier Code 

EPROM programming conditions depend = on 
EPROM manufacturers and device types, confusion 
may cause miss operation. As a countermeasure 
some EPROMs provide device identifier code in- 
cluding such information as manufacture and device 
type. Some newly developed commercial EPROM 
programmers can set write conditions automatically 
by recognizing this code. 

Different programming conditions are as follows: 
(1) program voltage, (2) program timing, (3) high- 
performance programming algorithm, (4) pin con- 
figuration. The Hitachi EPROM has a device 
identifier code area besides the memory access area, 
as shown in figure 6-12. 
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50ms programming 


lms High-speed 
programming / 
/ 


Program time (min ) 


Page mode 
programming 
0 2ms High-speed 
programming 
@ - ” 





32k 64k 128k 256k 512k 1M 2M 4M 
Storage capacity(X8 organization) (bit) 


(Note) Actual program time differs according to 
the programmer, 


Figure 6-11. Shortened Program Time by High- 
Speed Programming. 










TTT WF Device identifier code area 
aD eee 
Address i) On 


Data access area 


Ly 


Dn C) 


Address Decoder 


1/0 control circuit jc Dout 





F igure 6-12. Device Identifier Code 


Table 6-1 describes how to use the device identifier 
code. Setting AQ at 12 V and Al — A8, A10 — A113 
at V,, access the device identifier code area and 
1/00 — 1/07 output the programming condition 
code with V,, or Vj, of AO. 
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Tablel 6-1. Hitachi EPROM Device Identifier Code 


1/08—1/O15 
a 


HN27128A - 










Manufacturer 
Code 






HN27256 
HN27C256 
ROM | -HIN270256H | Viz 
HN27C256A 
HN27512 


HN27C1024H 


A9: 12V 
Al -A8, A10 -A13: Vy7z, 
A14, A15: Don’t care 


6.6 Shielding Label 

When using an EPROM in an environment where it 

can be exposed to ultraviolet light, Hitachi recom- 

mends putting a shielding label on its transparent lid 

to absorb ultraviolet light. In choosing a shielding 

label, the following points should be carefully 
checked. 

* Adhesiveness (mechanical strength). Avoid 
repeated attaching or exposure to dust that may 
reduce the adhesive strength. Ultraviolet erasing 
and reprogramming are recommended after 
stripping off an attached label. (When the need 
arises to change a label, it is advisable to put a 
new one on over the old one since peeling may 
create a static charge.) 

* Allowable temperature range. Use the shielding 
label in an environment whose temperature falls 
within the specified allowable temperature range. 
Beyond the specified temperature range, the 
paste on the label may harden or stick too fast: 
When it hardens, the label may come off easily. 
When it sticks too fast, the paste may remain on 
the window glass after the label has been re- 
moved. 

* Moisture resistance. Use the shielding label in an 
environment whose humidity falls within the 
specified allowable humidity range. 


6.7 EPROM Programmer 

The EPROM programmer stores the user’s program 
in its internal RAM and writes the program in the 
EPROM. For this programming, 3 functions at least 
are necessary: blank check function prior to pro- 
gramming, programming function, and the verify 
function after programming. Figure 6-13 shows the 
programming flow chart. Some programmers check 
for pin contact failure or the reverse insertion 
before the blank check. 

The outline of each block is as follows. 





1/07 













Hex Data 


ee 











. Pin contact check 


In the ROM pin and socket connection test, 
checking is normally performed by detecting the 
forward current at each EPROM pin. Care is 
necessary as this forward biased resistance differs 
in products of each company. 


. Reverse insertion check 


This check detects the reverse insertion of the 
device, places the equipment in reset mode and 
protects the device and equipment. 


. Blank check 


This check is performed before programming. It 
checks whether the device is an erased EPROM, 
or it preventing EPROM reprogramming. Since 
the output data in the erased condition are 1 
(high level), check whether or not data in 
EPROM are all 1. It will fail-stop even when one 
bit is O (low level). Normally, it is designed to 
provide warning with a lamp or buzzer. 


. Programming 


The function of programming the data in the 
internal RAM of the programmer into EPROM 
will fail-stop when programming cannot be done. 
The normal flow is as shown in figure 6-14. The 
EPROM data will be read out prior to pro- 
gramming and compared with programming data. 
If they coincide, programming will be skipped 
and if they differ, programming will be per- 
formed. Then, the data will be read out again 
and compared with the programming data, and if 
they coincide, the programmer will progress to 
the next address. 


. Verify 


This function checks after programming com- 
pletion whether or not the programming is 
correct when comparing with the data in the 
internal RAM of the programmer. It performs 
fail-stop when they do not coincide. Normally, 
when it fails, it lights the fail lamp and displays 
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7 “N 
‘ 






7 
e Check Pin “ 
\ Contact + Address Set 
N\ 4 


N 4 
Blank Check 





t atthe 


Figure 6-14. Programming 
Flow Chart of EPROM 
Programmer (2) 


Figure 6-13. Programming 
Flow Chart of EPROM 
Programmer (1) 


the address and data. 

6. How to input the program 
Table 6-2 shows several methods for inputting 
the program data to the internal RAM of the 
programmer. Normally, paper tape input and 
teletypewriter input are prefered options. 


Table 6-2. EPROM Data Input 


Method Content 


Copy input Input by copying the master ROM. 


Manual input Input by the keyswitch on the front 
panel. Used for correction or 


revision of program 


Paper tape input | Read the paper tape furnished 
from the host system with the 


tape reader 


Teletypewriter Input with the teletypewriter. 

input Preparation, correction, and list 
preparation of the program can be 
made. 


6.8 Handling EPROMs 

Touched with a charged human body or rubbed 
with plastics or dry cloth, the glass window of an 
EPROM generates static electricity which causes de- 
vice malfunctions. Typical malfunctions are faulty 
blanking and write margin setting that give the false 
impression that information has been correctly 
written in. As already reported at the international 
conferences concerning the reliability of LSI chips, 
this is due to the prolonged retention of electric 
charge (resulting from the static electricity) on the 


Application 


glass window. Such malfunctions can be eliminated 
by neutralizing the charges by irradiating with ultra- 
violet rays for a short time. The EPROM should be 
reprogrammed after this irradiation since it reduces 
the electric charges in the floating gate, too. The 
basic countermeasure is to prevent the charging of 
the window, which can be achieved by the following 
methods as in the prevention of common static 
breakdown of ICs. 

1. Ground operators who handle the EPROM. 
Avoid using things such as gloves that may 
generate static electricity. 

2. Refrain from rubbing the glass window with 
plastic or other materials that may generate static 
electricity. 

3. Avoid the use of coolant sprays which contain 
some ions. 

4. Use shielding labels (especially those containing 
conductive substances) that can evenly dis- 
tribute established charge. 


6.9 Ensuring OTPROM Reliability 

One time electrically programmable ROM 
(OTPROM) has two kinds of packages: standard 
dual in-line package (DIP) and small outline package 
(SOP). It is one time only programmable because it 
has no window for ultraviolet light exposure; testing 
by programming and erasure cannot be performed 
after it is assembled. 

So, Hitachi performs screening test for program- 
ming, access time, and data retention on wafers at 
proving test. 

However, rare defects may occur in the assembly 
process cannot be completely removed in final test 
screening which is only a reading test. 

Therefore, Hitachi recommends that users perform 
high temperature baking after programming devices 
to ensure high reliability. 

Detailed conditions and procedures for screening are 
shown in figure 6-15. First, program and verify 
devices. Then, leave them without bias at 125 to 
150°C for 24 to 48 hours. 

After that, check read-out function and remove the 
chips with data retention failures. 

From the results of devices in which the recom- 
mended screening test is properly performed, we 
confirm that the data retention characteristics of 
OTPROMs are equal to general EPROMs. 
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Programming, 
Reading-out 


Data 
Proving(2) papel 





Wafer Screening 


Program and 
Venfy 
by Programmer 


Baking at 
125 to 150°C 
for 24 to 48hrs 


Ensunng 
Read-out 





Recommended 
Screening Conditions 


Figure 6-15. Screening Flow Chart of OTPROM 
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7. MASK ROM PROGRAMMING INSTRUCTION 


The writing of the custom program code into mask 
ROMs is performed by the CAD system on a large- 
sized computer. ROM code data should conform to 
specifications given below, using either paper tape, 
EPROM, or magnetic tape. Additional instructions, 
such as chip select and customers’ part number, 
should be given in the ‘‘ROM Specification I|dentifi- 
cation Sheet” 


7.1 Specification of EPROM 

1. Submit the three sets of the EPROM-stored data. 
Specify the address of the EPROM in the case of 
two or four EPROMs. 

2. The ROM code data is input from the start 
address to Final Address in the EPROM. 

3. Type of EPROM 
HN482764 (8-kword x 8-bit, 2764 Compatible) 
HN4827128 (16-kword x 8-bit, 27128 Com- 


patible) 

HN27256 (32-kword x 8-bit, 27256 Com- 
patible) 

HN27C256 (32-kword x 8-bit, 27C256 Com- 
patible) 


7.2 Specification of Magnetic Tape 

1. Use the following type of magnetic tape which 
can be used by a magnetic tape device com- 
patible with the IBM magnetic tape device. 





E 
Block 1 Block 2 Block 3 ryt 6 
MoM : 


or Soe es a Application 


Length ..... 2,400 feet, 1,200 feet or 600 feet 

WLU a aiuto) oho chvbntery & Ae Ree Wea eae hee 1/2 inch 

Channel. s.taviowk ssh 8 oe ee ee 9 channels 

Bit density .... 800 BPI or 1,600 BPI (Clearly 
state which it is in the “ROM 
Specification Indetification 
Sheet”’.) 


2. Use EBCDIC as the use code. 
3. Follow the format of the magnetic tape as de- 


scribed below 
No leading tape mark 


No label 
Record size ............. 80 byte/1 record 
Block size ............. 10 records/1 block 


The end of the file should be indicated by 2 
successive tape marks (TM) (figure 7-1). 


. HMCS6800 load module data mode. This mode 


is the object mode output from the assembler 

HMCS6800. 

Divide the 8-bit code into the upper and lower 

4-bit codes, and convert each into hexadecimal 

notation. 

Example: The code 1100 0110 is as follows 
under binary notation. 

(Upper 4-bits) (Low 4-bits) Bit weight 

D7 D6 D5 D4 D3 D2 D1 DO (ROM output 

1 1 0 #0 0 1 +1 #O equivalence) 


The actual load module mode is shown in figure 
7-2. 





Figure 7-1. Magnetic Tape Format 


Header 
record 


Record Start 





Record Type 


Byte Count 


Address Size 


Data 


Data 


Data 





Check Sum 


Data End of 


record file record 








7) 








wo 












0 3 


mM OF @ O©10CO CO — — TR —~ 








0000 


wow Ww Ww wm w& 





© one Cheek 
FC Sum ) 








eee 








A8& (Check Sum ) 





Figure 7-2. HMCS68000 Load Module Data Format 
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SO indicates the head of the file and S9 indicates the 
end of the file. The actual data starts following S1. 
This means that the data starts from the address 
(hexadecimal) indicated in the address size. The 
address of the address size of the data recorder is 


compared with the next data recorder address by 
counting in increments of 1 byte of the data and 
checking whether it is sequential or not. The 
printed example of the HMCS6800 load module 
mode is as shown in figure 7-3. 


Header Record ~$00B000058204558414D504CB5 


Data Record 


Data Record 
End of 


File Record —~S9IDZ0000FC 


~SIlI3FOO0O07EFS587EF7897EFAA77EFOCO7TEFOC47E2 4 


—~SLI2FOLOFA657EFA8B7EFAAO07EFOYDC7TEFA247E0 6 





Figure 7-3. HMCS6800 Load Module Example 


If an address is skipped, enter the skipped address 
into the ‘‘ROM Specification Identification Sheet” 
and the data (00 or FF) entered into the skipped 
address. 


5. BNPF mode 
One word is symbolized by the word start mark 
B, the bit content represented by 8 characters of 
P and N, and the BNPF slice composed of succes- 
sive 10 characters of the work end mark F., 
The contents from F of one BNPF slice up toB 
of the next BNPF slice are ignored. 
(Example) The code of AA (hexadecimal) is 

symbolized as shown in figure 7-4. 

It is necessary to designate the bit pattern (BNPF 
slice) on all ROM addresses. Therefore, the term 
of the ROM head address of ‘““ROM Specification 
Identification Sheet’’ always becomes 0. 


Bi, gee Indicates start of 1 word. 

IoastiiceG ttn ae aes Indicates 1 bit data. 

Doda Megha asi edn docs i at Indicates 1 bit of 1 data. 
Beg 2 iy ses ecco el Indicates end of 1 word. 





“A 





OL Le LE 


| 


Figure 7-4. BNPF Mode Example 


7.3 Specification of Floppy Disk 
1. Use the following type of floppy disk (figure 
7-5): 





Type. . . .8 Inch Single Sided and Single Density 
Number of Sectors .............004- 26 
Number of Tracks... .........020005 77 
Sector 26 
| Sector 01 
Sector 21 oe 
Sector 03 
\ VA 
Sector 16 
Track 74 
One Record 
Track 00 
(Index - Track) 


Floppy Disk Format 


Figure 7-5. 


2. Use EBCDIC as the use code. 

3. Format the floppy disk as described below. 
Composition is described in table 7-1. 
Record size ..........205: 80 byte/1 record 


Table 7-1. Floppy Disk Composition 


















Location 
Item 


Standard Volume Label 
Standard Head Label 
Data Area 


‘Alternal Track 

















Spare Track 
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Use the sectors as in figure 7-6. Use one sector used for one record. 
for one record, that is, 80 bytes out of 128 bytes 4. Data Mode. See data mode for magnetic tape. 


1 Track 









Sector 24 Sector 25 Sector 26 


i Sa ONES ack ag rae ag fat -—_— 
(128 bytes) (128 bytes) (128 bytes) 





(128 bytes) 



























Record 25 
(80 bytes) 


Record 26 
(80 bytes) 


Record 1 
(80 bytes) 


Record 2 
(80 bytes) 


Record 3 
(80 bytes) 





Record 24 
(80 bytes) 






Figure 7-6. Floppy Disk Sector Format 
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Figure 7-7. Mask ROM Development Flowchart 
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8. INSTRUCTIONS FOR USING MEMORY 
DEVICES 

8.1 Prevention of Electrostatic Discharge 
As semiconductor memory designs are based on a 
very fine pattern, they can be subject to malfunc- 
tion or defects caused by static electricity. Though 
the built-in protection circuits assure unaffected re- 
liability in normal use, devices should be handled 
according to the following instructions: 

1. In transporting and storing memory devices, put 
them in conductive magazine or put all pins of 
each device into a conductive mat so that they 
are kept at the same potential. Manufacturers 
should give enough consideration to packing 
when shipping their products. 

2. When devices touch a human body in mounting 
or inspection, the handler must be grounded. Do 
not forget to insert a resistor (1M{92 approx is 
desirable) in series to protect the handles from 
electrical shock. 

3. Keep the relative ambient humidity at about 50% 
in process. 

4. For working clothes, cotton is preferrable to 
synthetic fabrics. 

5. Use a soldering iron operating at low voltage (12 
V or 24 V, if possible) with its tip grounded. 

6. In transporting the board with memory devices 
mounted on it, cover it with conductive sheets. 

7. Use conductive sheets of high resistance (about 
10° ohm/{) to protect devices from electrostatic 
discharge. For, if dropped onto conductive 
materials like a metal sheet, devices may de- 
teriorate or even breakdown owing to sudden 
discharge of the charge stored on the surface. 

8. Never set the system to which memory devices 
are applied near anything that generates high 
voltage (e.g. CRT Anode electrode, etc.). 


8.2 Using CMOS Memories 

As shown in figure 8-1, the input of a CMOS 
memory is connected to the gate of an inverter con- 
sisting of PMOS and NMOS transistors. Figure 8-2 
shows the relationship between the input voltage 
and current in this inverter. The top and bottom 
transistors turn ON and make current flown when 
the input voltage becomes intermediate level. There- 
fore, it is necessary to keep the input voltage below 
0.2 V or above Vee — 0.2 V in order to minimize 
power consumption. The data sheet specifies the 
stand-by current for both the cases of input level 
with minimum Vj, and maximum V,, and that 
with 0.2 V or Vec — 0.2 V, and the difference in 
value is remarkably great. Some memory devices 


are designed to cut off such current flow in standby 
mode by the control of input signals, but it depends 
on device type. This should be confirmed in data 
sheets for each device type. 


Vec 


! I 
P 
Input Output 


N 


Figure 8-1. CMOS Inverter 


Current( Arbitrary Unit) 





Input Voltage 


Relationship between Input Voltage & Current 
in CMOS Inverter 


Figure 8-2. 


Another problem particular to CMOS devices is 
latch-up. Figure 8-3 shows the cross section of a 
CMOS inverter and the structure of a parasitic 
bipolar transistor. The equivalent circuit of the 
parasitic thyristor is shown in figure 8-4. When 
positive DC current or pulse noise is applied (figure 
8-4 (a)), TR3 is turned on owing to the bias voltage 
generated between base and emitter. And trigger 
current flows into GND through Rp, the base re- 
sistance of TR2. As a result, TR2 becomes conduc- 
tive and current flows from power supply (Vec) 
through the base resistance of TR1 (Ry), which 
puts TR1 into conduction, too. Then, as the base 
of TR2 is rebiased by collector current from TR1, 
the closed loop consisting of TR1 and TR2 reacts. 
Thus current flows constantly between power 
supply (Vcc) and GND even without trigger current 
caused by outside noise. 

Latch-up can be caused by a negative pulse, too 
(figure 8-4 (bb)). Most of semiconductor memory 
manufacturers are trying to improve latch-up im- 
munity of their products. Hitachi provides enough 
guard band by applying diffusion layer around 
inputs and outputs, taking care not to connect input 
to p’ diffusion layer. Input voltage for 64 kbit 
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static RAM HM6264A, for example, is specified as 
follows: 
Vin max 6.0 V (not depending on Vcc) 
Vic min3.0 V (pulse width = 50 ns) 
-0.3 V (DC level) 






Internal Input © 


Vece(+5V) Vee 


Internal Input i 
n&> 
Vss 9(0V) 


Figure 8-3. 


Closed Loop 
r © 


Tri ON re! 


(a) Thynistor Effect by 
Positive Voltage 


Figure 8-4. 


8.3 Noise Prevention 

Noise in semiconductor memories is roughly clas- 
sified into input signal noise and power supply 
noise. 


8.3.1 Input Signal Noise 

Input signal noise is caused by overshoot and under- 
shoot. If either of them is out of recommended DC 
operating conditions, normal operation is hindered, 
and voltage over absolute maximum rating will 
break the device. In operating high speed systems, 
special care is required to prevent input signal 
noise. 

The noise can be prevented by inserting a serial re- 
sistance of less than 50 ohm into each input or a 
terminating resistance into the input line. Actually, 
however, input signal noise can be simply reduced by 
a stable power supply line, because it is often caused 
by unstable reference voltage (GND level). 
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Thus almost no consideration for latch-up is re- 
quired in system design. 


Pin 


Cross Section Structure of CMOS Inverter 


Negative Ta, ON 
oltage { 
Tri ON 


{ 
Tr: ON 


(b) Thyristor Effect by 
Negative Voltage 


Equivalent Circuit of Parasitic Thyristor 


8.3.2 Power Supply Noise 

The power source noise can be classed as low- 
frequency noise and high-frequency noise as shown 
in figure 8-5. To assure stable memory operation, 
the peak-to-peak power supply voltage in the pre- 
sence of low-or high-frequency noise should be held 
below 10 percent of its standard level. 


High-frequency Noise 
Not More than 10% of Standard 
Power Supply Voltage 





eee eas r 


y Nowe 
Not More than thes 10% of Standard Power 
Su 
Total of Low- engl High-frequency 
Not More than + 10% of Standard Power 
Supply Voltage 


Figure 8-5. Power Source Noise 
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Devices like dynamic RAMs, which operate from 
clock signals, or high speed CMOS static RAMs, 
through which current flows during transition of 
signals, consume high peak current. When a power 
supply does not have enough capacity for the peak 
current, voltage drops. And if the recovery rate of 
the power supply synchronizes with its time con- 
stant, it may start oscillating. To reduce the in- 
fluence of the peak current, a bypass capacitor of 
0.1 — 0.01 uF should be inserted near the device. 
The following points must be considered in design- 
ing pattern of the board: 
* For bypass capacitors, use titanium, ceramic, or 
tantalum capacitors which have better high- 


Preferred 


CS — 


Signal 


Voc Vss Vec Vss Vee Vss 
VA ——eeeereereenncemarmemmernen!” 


Data I/O 


frequency characteristics. 


* Bypass capacitors must be applied as near to the 


power supply pin of memory devices as possible, 
and inductance in the path from Vcc pin to Vee 
pin through the bypass capacitor must be as little 
as possible. 


* The line connected to the power supply on the 


board should be as wide as possible. 


* It is preferrable for the power supply line to be 


at right angles to devices selected at the same 
time, lest too much peak current should flow 
through one power supply line at a time. 


Non-preferred 


~Faults- 
1 Bypath Lines are too 


ong 
2. Devices Selected at 


a Time are on the 
Same Mother Line 


Vec Vss 
Data I/O 


Figure 8-6. Examples of Power Supply Board Pattern 


8.4 Address Input Waveform of Hi-BiCMOS 
Memory 

Data stored in memory might be destructed in case 

that Address Input of the HM6716, HM6719, 

HM6787, HM6788 and HM6789 series becomes 

floating and sticks at and around threshold voltage. 

(e.g. CPU does Address Bus to off state in Figure 1.) 









Pull-up 
Resjstor 





CPU 












Address Memory 


Bus 






“Stray 
capacitance 


CS on board 
Control C | iste cal 
| 


Consequently, the following three methods are re- Bacal ete Reh Se La ete Mita ogee él 
commended so as to preserve malfunction of 
memory device. Figure 8-7 
A: Insert latch as shown in Figure 8-7 lest Address 

Input should become floating. 
B: Put CS into High while Address Input becomes i 

floating. Address 

(Dotted line in Figure 8-8) input 
C: Insert Pull-up Resistor (R) to hold time 

constant of Rising Edge wave form of Address [rr ~ 

Input pin (tr = R x C) below 150 ns. cs ra ‘ 
Stable operation can be assured if you have already rE aaa eae 

; Write ne Read 
adopted the above three method (A, B, C), while 
if you have any problem, please contact our sales Figure 8-8 
offices. 
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Section 1 
MOS Static RAM 
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HM6116 Series 


2048-word x 8-bit High Speed CMOS Static RAM 


MFEATURES 
@ Single 5V Supply 
@ High speed: Fast Access Time 120ns/150ns/200ns (max.) 
@ Low Power Standby and Low Power Operation 
Standby: 100uW (typ.) 
10uW (typ.) (L-version) 
Operation: 200mW (typ.) 
175mW (typ.) (L-version) 
Completely Static RAM: No clock or Timing Strobe Required 
Directly TTL Compatible: All Input and Output 
Pin Out Compatible with Standard 16K EPROM/MASK ROM 
Equal Access and Cycle Time 
Capability of Battery Back Up Operation (L-version) 


MORDERING INFORMATION 


Type No. Package 
HM6116P-2 120ns 

HM6116P-3 150ns 

HM6116P-4 200ns 600mil 24pin 
HM6116LP-2 120ns Plastic DIP 
HM61I16LP-3 150 ns 

HM6116LP-4 200 ns 

HM6116FP-2 120ns 

HM6116FP-3 150ns 

HM6114FP-4 200ns pci reed at eats 
HM6116LFP-2 120 ns épit Frasue 
HM6116LFP-3 150 ns 

HM6116LFP-4 200 ns 


EEFUNCTIONAL BLOCK DIAGRAM 


——O Vic 


Row Memory Matrix anil): Vig 
Decoder 


128 x 128 







Input 
Date 


Control 









ieee 
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HM6116P Series 


(DP-24) 


HM6116FP Series 


(FP 24D) 





MPIN ARRANGEMENT 





(Top View! 


Note) This device is not available 
for new application. 


64 Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 e (415) 589-8300 








MABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Ks V 
Operating Temperature '¢ 
Storage Temperature Cc 
Storage Temperature Under Bias G 
Power Dissipation | Po fi W 


Note) *1 3 5V for pulse widths 30ns 


WTRUTH TABLE 


1/0 Pin 


eae aes ee ee 
a ee ee ee 
a ee 


Not Selected 
Read 
Write 
Write 


‘e) 
riciciax 7 
° 


MERECOMMENDED DC OPERATING CONDITIONS (Ta~0 to +70°C) 


























HM6116 Series 





Ref. Cycle 


Read Cycle (1)~(3) 
Write Cycle (1) 
Write Cycle (2) 


Note) #1 ~—3 OV for pulse width $50ns 
MDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, Vss=0V, Ta=0 to +70°C) 
HM6116-2 HM6116-3/-4 
Item Symbol Test Conditions ent typ") aes : Tn ere Unit 
a oy 
Input Leakage Current \fx7| Vcc =5.5V, Vin= Vss to Vcc se me eee LA 
Output Leakage Current \ILo| Te ern aos 33 —_s oe ee UA 
Icc CS= Vin, [1vo=0mA | = | o | wo | = | | ay mA 
Operating Power Supply | — | 35*3[ 70x] — | 3083] 60*3| 7 
Current ree,a | Vid =38V, Viz =06V, a Spo 30 = i 
Ivo=0mA | — | 30*3 ) = | 258 
Average Operating Current Icc2 Nee duty = 100% 8 et Ste mA 
— ee ee ee 
Standby Power Supply | — | 4*3 En _ 
Current CS2Vec—02V, VsVins | — | 002 | 2 | 0.02 a 
0.2V or Vec—02VSViw {| — | 283] ses] - | 2s 
Notes) #1 Vic =5V, Ta=25°C 
*2 Reference Only 
#3 This characteristics are guaranteed only for L-version 
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HM6116 Series 


MECAPACITANCE (f=1MHz, Ta=25°C) 


inpe/Ontput Capecntence___|__ Gre | Wer <i 8 | 7 | 


Note) This parameter 1s sampled and not 100% tested 


MAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C, (100pF) (including scope and jig) 


@READ CYCLE 
HM6116-2 


Item Symbol 


Read Cycle Time 


~ 
io) 


Address Access Time 


Chip Select Access Time tacs aes P| 
Chip Selection to Output in Low Z teiz | 0 | 
Output Enable te Output Valid | = | 
Output Enable to Output in Low Z torz | 10 
Chip Deselection to Output in High Z tcowz Fo | 
Chip Disable to Output in High Z touz | 0 | 


_ 
oO 


Output Hold from Address Change 


@WRITE CYCLE 


| aie [iene [reg 
= a [min 
Write Cycle Time | | 200 
Chip Selection to End of Write | 120 
Address Valid to End of Write | 40 
Address Set Up Time 
Write Pulse Width — 
Write Recovery Time ers 
Output Disable to Output in High Z 
Write to Output in High Z 
Data to Write Time Overlap 
Data Hold from Write Time 
Output Active from End of Write 


aw fw 
1 a fs 

=z ya 
—_— 
oin 
nto 


QQ 


i 


MTIMING WAVEFORM 
@READ CYCLE (1)‘” 


tee 


TAA KWZZZZ 
© Qe | YVZZI77 


tat 


eae 
; teas 
o Ses XX XX) 
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= 
(rr 


HM6116-3 HM6116-4 


Unit 
pF 
pF 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 





HM6116 Series 





@READ CYCLE (2)‘"'?“” 


Address 





Dout 


@®READ CYCLE (3)°?°“* 


ts 





Dout 


NOTES: 1. WE is High for Read Cycle. 
2. Device is continucusly selected, CS = V;,. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE= Viz. 


e WRITE CYCLE (1) 


Address 


lwe 
/ 


Ly 
= MSSRASAAG ALLL LD 7 
WE BAA: 





tans : oe: (1) 
Dout VL VN NN SN 
[LL LL LS 
Din 
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HM6116 Series 


@WRITE CYCLE (2)‘” 


tac 


twa (2) 


@ YVAN k LIV TT LATS. 
" yA 


(wuz (3) (6} (7) 
Dout vuNNNNNNNY NNN ~ LS7NL TS 
TZ iLLiLiLAL1LL1L) XZANZNZ 
ton ton 


(8) 


Din 


NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 

2. twrR is measured from the earlier of CS or WE going high to the end 

of write cycle. 

3. During this period, I/O pins are in the output state so that the input 

signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

. OE is continuously low. (OE = V7) 

- Doyt is the same phase of write data of this write cycle. 

Doyt is the read data of next address. 

If ef is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 


DO IHAUA 


MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 
This characteristics are guaranteed only for L-version. 


Item Test Conditions 


typ Unit 






Vcc for Data Retention Vor CS 2 Vcc -0.2V, Vie 2Vec -0 2V or V.. S0.2V 
Data Retention Current Vec=3 0V,CS22 8V, Vin22.8V or OVS Vin 0.2V HA 


ns 


< 


ns 


Chip Deselect to Data Retention Time 
See Retention Waveform = 
Operation Recovery Time | te | tre | = | 


Notes) #1 10uA max at Ja=0°C to + 40°C, Viz min= —0.3V 
*2 trc=Read Cycle Time 


@Low Vcc Data Retention Waveform 
Data Retention Mode 


TS2 Vor-02V 
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HM6116A Series— — Maintenance Only 


2048-word x 8-bit High Speed Static CMOS RAM 


= FURTURES . HM6116AP Series 
@ High speed: Fast Access Time 120ns/150ns/200ns (max.) 
@ Low Power Standby and Standby: 100uW (typ.) 

Low Power Operation 5uW (typ.) (L-version) 


Operation: 15mW (typ.) (f = 1 MHz) 
10 mW (typ.) (L-version) 


Equal Access and Cycle Time 
Capability of Battery Back Up Operation (L-version) 


@ Single 5V Supply and High Density 24 Pin Package 

@ Completely Static RAM: Noclock or Timing Strobe Required 

@ Directly TTL Compatible: All Input and Output (DP-24) 
@ Pin Out Compatible with Standard 16K EPROM/MASK ROM HM6116ASP Series 

@ 

@ 


MORDERING INFORMATION 





HM6116AP-12 120ns 

HM6116AP-15 150ns 

HM6116ALP-12 120ns Plastic DIP (DP-24N) 
HM6116ALP-15 150ns 

HM6116ALP-20 200ns GEMENT 
HM6116ASP-12 120ns MPIN ARRAN 
HM6116ASP-15 150ns 

HM6116ASP-20 200ns 300ml 24pin 

HM6116ALSP-12 120ns Plastic DIP 

HM6116ALSP-15 150ns 

HM6116ALSP-20 200ns 


MIFUNCTIONAL BLOCK DIAGRAM 


Age 


) 


Aw © 








—o Ke 
Memory Matrix © Ves 


128 X 128 





Column I/O 


Column Decoder 


1/0, " 





(Top View) 


1/Or 


! 

i] 

' 

t 

1 
eos 


Note) This device is not available for new application. 
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HM6116A Series 


MABSOLUTE MAXIMUM RATINGS 


Item | Symbol | Rating | Unit 
Voltage on Any Pin Relative to Vss Vv 
Operating Temperature Cc 
Storage Temperature C 
Storage Temperature Under Bias Tie °C 
Power Dissipation | Pro {i Ww 


Note) *1 --35V for pulse widthS50ns 


MTRUTH TABLE 


| 


cs WE | Mode | Mec Current [| 0 Pin | Ref. Cycle 

Hoo} x Tx Not Selected fsa tes Hh Z| 

boop Rea tee ot Read Cycle =) 
bo} KP Werte ee Write Cycle 
L lec [| in| Write Cycle (2) 


MBRECOMMENDED DC OPERATING CONDITIONS (Ta~0 to +70°C) 
















Supply Current 


ere | mee OT as ss 
u t 
amet [Ree (ee a ee es 
Input Vol nS © 
t 
isanaaness vu ot Tw 
Note) *1 ~—30V for pulse width$50ns 
= DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Vss = OV, Tz = 0 to +70°C) 
a HM6116A-12 HM6116A-15 HM6116A-20 
Item Symbol Test Condition min | typ*? [max | min | typ*! max [min |typ**| max | 
Input Leakage Vcc=5.5V, Vin=Vss 
Current to Vcc . 
Output Leakage CS=V yyy or OE= V 777, 7 
Current Vijo= Vss to Vcc 2 2 2 
loo | C87 Vitetyo=oma | - |S | 15, er ee ee 
= * * * * 
Operating Power TOR ol ee eae 
smn 7 gerne [Ts Toft [otal o 
Icc, | CS=Vyz” 
Tyowtma.teiuis_ [fae [ee] — [a [se] — [ae [ae 
Average Operating |, min. eycle,Iyo-OmA | - | 38] | -| | B]- | 2 
Current cc2 duty = 100% Ee 30 *2 50°2| _ 20*2 | 49*2 — 15°21 39 *2 
aa 1 1 
Isp | CSV fam Dee Beal ee ee 
Standby Power | — | 0.5*7/ 3*7 | — [0.5 0.5 





Output Voltage oe pe | 


Notes) *1. Voc=5V, Tg=25°C 
*2. This characteristics is guaranteed only for L-version. 


~ 
oN 
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Unit 


pA 


BA 


mA 


mA 


mA 


HM6116A Series 


MECAPACITANCE (/-1MHz, Ta~25C ) 





Item Symbol___| Test Conditions | typ | max Ut 
Input Capacitance pe Tov 
Input/Output Capacitance | Cro | omy | ST 


Note) This parameter is sampled and not 100% tested 


MAC CHARACTERISTICS (Vcc—-5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels. 1.5V 

Output Load. 1TTL Gate and C; = 100pF (including scope and j1g) 


@ READ CYCLE 


sm HM6116A-12 | HM6L16A-15 | 16A-15 HM6116A-20 

Item Symbol Unit 

| min | max | min | max | min | max | 
Read Cycle Time | tre | 120 | - | 150 | - | 20 | - | as 
Address Access Time aS ie ee | 00 
Chip Select Access Time | tacs | - | 120 | - | 150 [| - | 200 ns 
Chip Selection to OutputivLowZ | texz | io | - | 10 | - | 10 | — | m 
Output Enable to Output Valid | tor | - | 88 | - | 60 | - | 70 | ms 
Output Enable to Output in Low Z foe | ff ns 
Chip Deselection to OutputinHighZ | ftcyz | 0 | 40 | | so | of 60 | os 
Chip Disable to Output inHighZ | tonz | 0 | 40 | 0 | so | 0 | 60 | 1s 
Output Hold from Address Change | ton {| 10 | - | 15 | - {| 2 [| - | ns 


@ WRITE CYCLE 








Item Symbol Unit 
| min | max | min | max | min | max _ 
Write Cycle Time | twe | 120 | - | 150 | - | 20 | - | ns 
Chip Selection to End of Write tw | 70 | - {| 90 | - [| 120 | - | os 
Address Valid to End of Write taw F105 {[ - | 120 | - | 140 [| - | ns 
Address Set Up Time ee ft Oe Oe Os 
Write Pulse Width ‘we | 70 | - | 90 | - | 10 | - | m 
Write Recovery Time Pie (0 oe eee Oe cee 
Write to Output in High Z wz | 0 | 35 | 0 | 40 | 0 | 50 | ms 
Data to Write Time Overlap iw [| 33 | - | # | - | so | - [ms 
Data Hold from Write Time | ton [| 0 | - [| of - | of - | os 
Output Active from End of Write tow Ff 10 | = 10 = 10 _ ns 
MTIMING WAVEFCRM 
@ READ CYCLE (1)‘” tre 
Address KY 
'AA 
of \\\\AAAY JAA ALT. 


~ 


OE toH 


SENN. wet | YVZ7IT? 
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HM6116A Series 


@ READ CYCLE (2)‘°?“?? (4) 


{RC 


Address 


Dout 


@ READ CYCLE (gy 
CS 


tacs tcHz 
'(CLZ 
Dout 


NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = V,,. 
3. Address Valid prior to or coincident with TS transition Low. 
4. OE = Viz- 





@®WRITE CYCLE(1) 


——two 


Address ey 


ANIA 





a CAK\\NAY 


toHz twplll 
pout S535 
LLL ALLS 
‘pw ‘DH 
Din 
© HITACHI 


72 Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HM6116A Series 


@WRITE CYCLE (2)‘” 
fwe 


twR [2] 


a XRAY KIVIZLLLLL 


WE 
AUN - 
VA NA NANANNAAAA (NINWINZN 


Dout 29-9777 72 7 27 TO PA OAT, 
pwr IDA |g) 





Din 


NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 

2. fwr is measured from the earlier of Ce or WE poing high to the end 

of write cycle. 

3. During this period, 1/O pins are in the output state so that the input 

signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

OE is continuously low. (OE = V;;) 
- Dout is the same phase of write data of this write cycle. 
» Doug is the read data of next address. 

if es is Low during this period, 1/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 


WIA 


MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70) 


This characteristics is guaranteed only for L-version. 





ten Saba [Tew Contunons ow [op | oon J Un 
Vec for Data Retention Vor CS 2 Vcc -0.2V | 20 | — | = | Vv 
Data Retention Current Vee =3.0V, CS22.8V, OVS Vin fF — | = {| 30 | wA 
Chip Deselect to Data Retention Time | of - | - | ns 
See Retention Waveform 
Operation Recovery Time | te | tact? { — | = ns 


Notes) *1 104A max at Ja=0°C to + 40°C, Viz min--—03V 
* 2 kc = Read Cycle Time 
@Low Vcc Data Retention Waveform 
Dats Retention Mode 


CTS2 Vor-02V 
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HMG716 Series —————___—_ Maintenance Only 
HM6'719 Series 


2048-word x 8-bit High Speed Hi-BiCMOS Static RAM (with OE) 
2048-word x 9-bit High Speed Hi-BiCMOS Static RAM (with OE) 


Features 

Fast Access Time: 25/30ns (max) 

Low Power Dissipation (DC): 280mW (typ.) 

+5V Single Supply 

Completely Static Memory No Clock or Timing Strobe Required 
Balanced Read and Write Cycle Time 

Fully TTL Compatible Input and Output 





m ORDERING INFORMATION 


Access Time 












Package 





(DP-24NC) 
HM6716P-25 25ns 
shinee ee ae chee neeauias = PIN ARRANGEMENT 
HM6719P-25 25ns Plastic DIP 
HM6719P-30 @ HM6716 














1 

® Block Diagram 
3 

4 

Ag° 5 

\ Memory Matrix |~° VSS 7 

128 X 128 : 

A10° (144) 9 





-— 
Oo 





(Top View) 
@ HM6719 


loal of 


- 
© 
is) 
oot ane wn 


# Absolute Maximum Ratings 





Terminal Voltage to Vss Pin V 
Power Dissipation W 
Operating Temperature Range a (Top View) 
Storage Temperature Range is 
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——__—___________—_—HM67 16, HM6719 Series 


@ Truth Table 
@ HM6716 
cs 


| 


sal col col cel = 
im 

s x] tr] x] re} 2 |S 
cm 


| Mode | Voc Current _| 
High Z : 

Dout __| Read Cycle (1) (2) (3) 
Write Cycle (1) 
Write Cycle (2) 
leo, Ices High Z s 


Ref. Cycle 
Ho 





rL 
L 
L 


|: 


®HM6719 


cs ‘WE | Mode Vcc Current 1/O Pin Ref. Cycle 
Hor L : : 
L 


Dout | Radice OG) 
Wiite Cycle @) 


= Recommended DC Operating Conditions (7a = 0 to +70°C) 


2 
ge 
- 


H 
L 
L 


Supply Voltage 


Input High Voltage 


Input Low Voltage 





*) Pulse Width: 20ns, DC: —0.5V 


= DC and Operating Characteristics (Voc = 5V + 10%, T, = 0 to +70°C) 


Input Leakage Current Voc=5.5V,Vin=VsstoVcc | - | - | 2 | wA 
Output Leakage Current CS=Viy, Viio= Vss to Vcc Lowe dee cle ce uA 
Operating Power Supply Current CS=V rz, 1 1/0o79mA poe ef 20] mA 
Average Operating Current Min. Cycle, Duty: 100%J7;9=0mA Fo f= | 130 | mA 
Vise [SV SS dm 
Standby Power Supply ae > = 
Current iy CS 2 Vec—0.2V 10 mA 
VIN Ss 0.2V or Vina Voc—9.2V 
Output High Voltage | You [low=-'mA | 24 | = | 
#@ AC Test Conditions 
Input pulse levels: Vs to 3.0V 
input and Output reference levels: 1.5V 
Input rise and fall time: 4ns 
Output Load: igur 
put Load: See Figure gay ace 
910 9100 
Dout Dout 
6200 620Q 
30pF* 5pF* 
: *including 
scope and jig 
Output Load A Output Load B 


(tcHz, twuz, tcrz. tow totz, touz) 
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HM67 16, HM6719 Series 


= Capacitance (7, = 25°C, f= 1.0 MHz) 


Item Test Conditions | min | 
JO Capacitance 7 


Note) This parameter is sampled and not 100%, tested. 


typ 


BAC Characteristics (Voc 5V + 10%, T, = 0 to +70°C, unless otherwise noted.) 
@ Read Cycle 


HM6716-30 

lien HM6719-25 HM6719-30 

| min | max | min | max _| 
Address Access Time LAA | - | 25 | - | 30 | ns | 
Chip Selection to Output in Low Z | terz | 9 | - | 0 | - | ms | 
Output Enable to Output Valid | tor | 0 | 20 | O | 20 | ns | 
Output Enable to Output in Low Z | torz | 0 | - | oO [| - | ns | 
Chip Deselection to Output in High Z | tenz | Oo | 10 | O | 12 [ ns | 
Chip Disable to Output in High Z | tonz | 0 | 10 | O | 10 | ns | 
Output Hold from Address Change | ton | 5 [| - [| 5S | = | ns | 
ON SN 


Input Voltage Rise/Fall Time 


a 


— 


5 
5 


Data Valid to End of Write 
Data Hold Time 
Output Active from End of Write 


Sy 


® Write Cycle 

sae | OS 

Item Symbol é Unit 
Write Cyele Time Se aie ee a 
Chip Selection to End of Write | tew | 20 | - | 25 | - | ms | 
Address Setup Time tas EO, <i, se 0 ie ee 
Address Valid to End of Write taw | 20 | - | 25 | - | ms | 
Wite Pulse Width 7 EO 
Output Disable to Output in High Z | tonz | oO | 10 | oO | 10 | as | 
tpw | ts | = fs | = os 
| tow | 5 | = | s | = | ss | 
a ee ae ie 


S 
= 


Notes) *1. These parameters are for HM6716. 
*2. Transition is measured +200mV from steady state voltage with Load(B). 
This parameter is sampled and not 100% tested. 
*3. If t 7 becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi’s Sale Dept. regarding specification. 
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Unit 
pF 
pF 


Notes 


* * 
min] | | 


*1 #2 


* 
Nw 


*1,*2 


% 
ww 


Notes 


#1 *2 


* 
I |} w 


* 
WN 





HM67 16, HM6719 Series 


® Timing Waveforms 
@ Read Cycle (1) ' 








Address 


oe ALLL L 


<—— toz ——> ton? 
cs AA So 8 A 


<—_———— tcLz ————_» 


Dot pcdance RX K_Dets_ Vatld_ XX) 





@ Read Cycle (2)°'"?:"4 





Address 


Dout 





@ Read Cycle (3)°'"*"4 


CS 


Dout 





Notes) *1. WE isHigh forRead Cycle. _ 
*2. Device is continuously selected, CS=Vy,. 


"3; Address Valid prior to or coincident with CS transition Low. 
*4. OE=Vy. 
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HM67 16, HM6719 Series 


@ Write Cycle (1) 


Address 


Dout 


Din K_Data Valid XX 
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HM6716, HM6719 Series 


® Write Cycle (2)°° 







Address 
6 SRAYAR PIV LL LT LL. 
we # 
Dout 





“a NAN ALSALZ AL 
Data Valid K79009 


Notes) *1. A write occurs during the overlap (twp) of a low CS and tow WE. 

*2. twR is measured from the earlier of CS or WE going high to the end 
of write cycle. 

*3. During this period, 1/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

*4_. If the CS low transition occurs simultaneously with the WE low tran- 
sitions or after the WE transition, output remain in a high impedance 
state. 

*5. OE is continuously low. (OE=Vjz). 

*§. Dout is the same phase of write data of this write cycle. 

*7. Dout is the read data of next address. 

*8. If CS is Low during this period, 1/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6268 Series 


4096-word x 4-bit High Speed CMOS Static RAM ; 


sFEATURES 


@ Single 5V Supply and High Density 20 Pin Package. 


@ High Speed: Fast Access Time 25/35/45ns (max.) 
@ Low Power Standby: 100uW typ, 5uW typ (L-version) 


Active: 250mW typ. 


© Completely Static Memory: No Clock or Timing 


Strobe Required 
@ Equal Access and Cycle Times 


@ Directly TTL Compatible — All Inputs and Outputs 
® Capability of Battery Back Up Operation (L-version) 


MIORDERING INFORMATION 









Access Time 


HM6268P-25 
HM6268P-35 
HM6268P-45 


HM6268LP-25 
HM6268LP-35 
HM6268LP-45 






MIBLOCK DIAGRAM 


64 Rows 













Row Decoder 


1/01 O 


1/02 O 







Input Data 
Control 


1/03 © 


Mi ABSOLUTE MAXIMUM RATINGS 


Item Symbol 
Voltage on Any Pin Relative to Vss Vr 


Power Dissipation 


Operating Temperature Ty 
Storage Temperature Tire 
Temperature under Bias Tires 


Note) *1 —35V for pulse widthS10ns 


Package 


300mil 20pin 
Plastic DIP 









Memory Array 


256 Columns 


Column 1/0 
OD e e i e e 


(DP-20N) 





ee Vec 


~=e— {'55 


(Top View) 







—55 to +125 


Unit 
0.5"! to +7.0 vo 
1.0 W 
0 to +70 Cc 
ic 
—10 to +85 c 
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HM6268 Series 


MITRUTH TABLE 
cS 
H 


| 


Mode 1/0 Pin Ref Cycle 
Not Selected 
Read Dout Read Cycle 





Write Din Write Cycle 


= 
om 
0@ 
Zz ] 
N 


MRECOMMENDED OPERATING CONDITIONS ( 7a =0 to +70C ) 


Parameter Symbol typ max Unit 


Supply Voltage 


er a a a: 
Input High (logic 1) Voitage Vin Oe eh, Oe V 
Input Low (logic 0) Voltage Vin f—-o5*1) - | 08 | V 


Note) *1 —30V for pulse widths 10ns 


™ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Vss = OV, T, = 0 to +70°C 


Output Leakage Current CS = Vin> Vio = Vss to Vcc | — | = | 20) pA 
Operating Power Supply Current CS Viar4 Ivo = OmA, min. cycle | — | 50 | 90 | mA 
Standby Power Supply Current CS = Vin» min. cycle pues OS: | mA 
Standby Power Supply Current (1) Se NOG= a | =| 002 | 2.0 | td 

OV s Vin < 0.2V or Vee - 0.2V S Vin | | "2 50 | pA 


Notes) *1 Typical limits are at Vec=5.0V, Ta= + 25°C and specified loading 
*2 ‘Lhis characteristics is guaranteed only for L-version 
*3 40mA typ for 45ns version 


MICAPACITANCE ( 7a=25°C, f=1.0MHz) 


Parameter Test Conditions max | Unit 
Note This parameter is sampled and not 100% tested 
MEAC CHARACTERISTICS ( Vcc=5V 410%, Ta=0 to +70°, unless otherwise noted. ) 
@ AC Test Conditions Input and Output timing reference levels: 1.5V 


Input pulse levels: Vss to 3.0V Output load: See Figure 


Input rise and fall times: 5ns 
Output Load (B) 


Output Load (A) (for tHZ, tLz, twz & tow) 
5V 5V 
480Q 480Q 
Dout Dout 


* Including scope and jig. 
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HM6268 Series 


® READ CYCLE 
HM6268-35 


min 


ss 


HM6268-45 


min max 


Parameter Symbol 


max 


vw 
on 
cS 
or 


Read Cycle Time 


ww 
on 
— 
on 


Address Access Time 


m 
z 
2 


ie) 
on 


= | 
> ola 
S 


> 
on 


LACS 


RR 
t, 

fo 
iL 


Chip Select Access Time 
Output Hold from Address Change 


Chip Selection to Output in Low Z 


1S) 
So 


Chip Deselection to Output in High Z 


Do 
oS 


—_ 


Chip Selection to Power Up Time 


min 


—" 
OT 


ise) 
oS 


ax 

Cc 
‘AA ) 
bs) 

H 

Zz 
tuz*" 15 

teu 
Pp 25 


iw) 
on 


Chip Deselection to Power Down Time 


Note) *1 Transition 1s measured + 200mV from steady state voltage with Load (B) 
This parameter 1s sampled and not 100% tested 


@ Timing Waveform of Read Cycle No, 112) 


a 
a al tow 
XK 











Address 


Dout 


CS irc 


Dout 


{pu 


ee re ee ee ee ee ee 


Vcc Suppiy Icc 
Current 


50% 


Notes: 1. WE isHighforReadCycle. 
2. Device is continuously selected, CS=Vyy. _ 
3. Address Valid prior to or coincident with CS transition Low. 


@ WRITE CYCLE 
HM6268-25 HM6268-35 HM6268-45 
Parameter Symbol 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 

Write Pulse Width 

Write Recovery Time 

Data Valid to End of Write 

Data Hold Time 

Write Enabled to Output in ‘High Z 


Output Active from End of Write 


Ss 
= 

1) 
So 


i) 
s 


= = 

a 

wo 1) 

e p 
w 
S 


So 
bho 
Pas P 


= 


= > 
= 
bo 


Wz 


oe 

= 
* 
nah 


a 
ome) 
—" 
on 


Note) *1 Transition is measured + 200mV from steady state voltage with Load (B) 


This parameter 1s sampled and not 100% tested 
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Unit 


=) 
n 


ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM6268 Series 





® Timing Waveform of Write Cycle No. 1 (WE Controlled) 


tne 


Address CISA ee 








s. PLLLLAL LL 


tau 
*1 
tas tur 


si KG VT KD 


*3 *5 * 6 


tz tou 


High Impedance 
Dout 


@ Timing Waveform of Write Cycle No. 2 (CS Controlled) | 


Address 


™ SOAS ZZ 


XXX _eevatel OOK OOKX 
Dout High Impedance (4) 


Notes: 1. A write occurs during the overlap of a low CS and a low WE. (twp). 

twrR is measured from the earlier of CS or WE going high to the end of write cycle. 

During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 

must not be applied. os __. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle, if twp is long enough. 


rage tad 
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HM6268 Series 


MLOW Vic DATA RETENTION CHARACTERISTICS (0°C S$ TaS70C) 


This characteristics guaranteed only for L-version. 


Vec for Data Retention Vor CS 2 Veco —0.2V 20. | 


V,.2 Vec—0.2V or 
OVS V.S0.2V 


Data Retention Current Tccor 
ns 


Chip Deselect to Data Retention Time tcor 
ns 





Operation Recovery Time 


*2 Vcw3 OV 


Notes) *1 ¢ac*Read Cycle Time 
#3 Verm2 OV 


@LOW Vic DATA RETENTION WAVEFORM 


DATA RETENTION MODE 
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84 


Supply Current Icc (Normalized ) 


Access Time tag, tacs (Normalized) 


Access Time ta, tacs (Normalized ) 


SUPPLY CURRENT VS. SUPPLY 
VOLTAGE 





Supply Voltage Vcc (V) 


ACCESS TIME VS. SUPPLY 
VOLTAGE 





Supply Voltage Vec (V) 


ACCESS TIME VS. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (°C) 








HM6268 Series 


SUPPLY CURRENT VS. AMBIENT 
TEMPERATURE 








3 
3a 
E 
° 
Z 
E 
5 
> 
S 
a 
Ambient Temperatare Ta (°C ) 
ACCESS TIME VS. LOAD 
CAPACITANCE 
z 
ca 
E 
2 
g 
3 
E 
& 
: 
< 
ety 100 200 300 400 
Load Capacitance C, (pF ) 
SUPPLY CURRENT VS. 
FREQUENCY 
T (ns) 
7 100 50 33 25 20 
1.0 
z 
ft 0.9 
°o 
= 
3S 08 
# 
E 
Oo 0.7 
> 
& 
A 
0.6 
055 10 20 30 40 50 
Frequency f (MHz) 
@ HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 85 





HM6268 Series 


INPUT LOW VOLTAGE VS. SUPPLY INPUT HIGH VOLTAGE VS. SUPPLY 
VOLTAGE VOLTAGE 


Low Input Voltage V,, (Normalized) 
High Input Voltage Vs (Normahzed ) 





Supply Voltage Vec (V) Supply Voltage Vcc (V) 


OUTPUT CURRENT VS. OUTPUT OUTPUT CURRENT VS. OUTPUT 
VOLTAGE VOLTAGE 





E i 
7 3 
3 mT) 
S) > 
2 6 
Output Voltage Von (V) Output Voltage Vo. (V) 
STANDBY CURRENT VS. AMBIENT STANDBY CURRENT VS. SUPPLY 
TEMPERATURE VOLTAGE 
10° 
a z 
< —_ 
~ 107‘ 
~ z 
sd 3 
: E 
§ 1075 ts) 
” Ss 
3 





Ambient Temperature Ta (°C) Supply Voltage Vee (V) 
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HMG6G267 Series 


16384-word x 1-bit High Speed CMOS Static RAM 





FEATURES 
High Speed: Fast Access Time 35/45/55ns (max.) 
Low Power Standby and Low Power Operation 
Standby: 0.1mW (typ.)/SuW (typ.) (L-version), 
Operation: 200mW (typ.) 
Single 5V Supply and High Density 20 Pin Package 
Completely Static Memory ...... No Clock or Timing Strobe 
Required 
Equal Access and Cycle Time (DP-20N) 
Directly TTL Compatible: All Input and Output 
Capability of Battery Back Up Operation (L-version) s PIN ARRANGEMENT 





ORDERING INFORMATION 


Access Time 


35ns 
45ns 
55ns 


35ns 
45ns 
55ns 









Package 







HM6 267P-35 
HM6267P-45 
HM6267P-55 


HM6267LP-35 
HM6267LP-45 
HM6267LP-55 





300 mil 20 pin 
Plactic DIP 

















# BLOCK DIAGRAM 





Ao Pa 
en Vee 
. = —_—— WY, 
4 3 
i Row Memory Array 
Ay pS] Decoder 128 x 128 s 
Top View 
Au Pu 
Al3 | A 


Din 


p Colum | 10 
tn Decuder at | 





Me Aut Ato As Ak A: An As 
= ABSOLUTE MAXIMUM RATINGS 

fiem Unit 
Voltage on Any Pin*! V 
Power Dissipation | Pr =f 10] 
Operating Temperature °C 


opr 

Storage me ° 
Temperature aS TOT ZS C 
Storage Temperature Under Bias -10 to +85 2C 


Notes) *1. With respect ot Vgg. 
*2. —3.5V for pulse width S$ 20ns. 
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HM6267 Series 


@ TRUTH TABLE 


a ee 


= RECOMMENDED DC OPERATING CONDITIONS (7a = 0 to +70°C) 


bre ae 







Supply Voltage 


Input Voltage 


Note) *1. ~3.0V for pulse width S 20ns 


OQ 


= DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Vss = OV, Tz = 0 to +70°C) 








; a ee HM6267-45/55 ner 
Item ymbo est Conditions ni 
typ*!| max | min |typ*!| max | 
Operating Power Supply Current Toc |C8=V,Jour=0mA, min, cycle | — | 40 | 100 | - | 40 | 80 | mA 
(isa | S=Vinminevce | - | 10 | 20] ~ | 10 | 20 | ma 
Stand by Power Supply Current CS 2 Voc - 0.2V, _- [oo2{ 2| ~ |oo2| 2 | ma 
You | - | - [os | - | - [oa] v 
tins Fon P= T= T= Ty 
Notes) *1. Typical limts are at Voc = 5V, Tg = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
Conditions 
Vin OV 
Vour@0V 
Note) This parameter is sampled and not 100% tested 
m AC CHARACTERISTICS (Voc = 5V +10%, Tz = 0 to +70°C, unless otherwise noted) 
@ AC TEST CONDITIONS 
Input pulse levels: Vsgg to 3.0V Output Load A Output Load B 
Input rise and fall times: 5ns +5V (for twz, tuz, twz & tow) 
Bs 5V 
Input and Output timing reference levels: 1.5V ‘ 
Output load: See Figure 4802 4800 
Dout 
255Q 30pF° Dour 
2550 SeF® 
* Including scope and jig. « Including scope and jig. 
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HM6267 Series 





@ Read Cycle 

_ symbot  |_HM6267-35_|_HM626745 | HM6267-55 seeete 
Read yl Tine Cie [sf el tele pe to 
Address Access Time taA fe fe ee MSs ee 8B oe nse 3 
Chip Select Access Time _ 35 _ | 45 | — | 55 | ns | 
Output Hold from Address Change toH 5 - 5 Pe Ont ee ati 
Chip Selection to Output in Low Z je PS s | - | as | 23,7 
Chip Deselectio to Output in High Z tH | o | 30 | o | 30 | 0 | 30 ons | 2,3,7 
Chip Selectio to Power Up Time | tpey | 0}; - | Oo | - | 0 | | ons 
Chip Deselection to Power Down Time tpp | — | 2 | - | 30 | - | 30 | ns | 


@ TIMING WAVEFORM OF READ CYCLE NO. 1 *? »? 
‘RC 


Address 


LAA 









Previous Data 


Data Out Valid 


Data Valid 






@ TIMING WAVEFORM OF READ CYCLE NO. 2*? ® 
‘RC 


cs 
tacs "YZ 


— | High Imped 
Data Out High Impedance eee Ser vaid » igh Impedance 


I 
Vcc Supply a 
TsB 50% 50% 






Current 


Notes) 1. Ali Read Cylce timing are referenced from last valid address to the first transitioning address. 

At any given temperature and voltage condition, f;;7 max. is less than f; 7 min. both for a given device and 
from device to device. 

Transition is measured 500mV from steady state voltage with specified loading in Load B. 

WE is High for READ cycle. 

Device is continuously selected, CS = Vib: 

Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 


® Write Cycle 


= 


Aan & WwW 


co [oe Fe epee 
Write Cycle Time two | 3s [| - | 45 | - [| 55 [ - | ns | 2 
Chip Selection to End of Write tow [30 [| - | 40 | - | so | - | aos | 
Address Valid to End of Write | taw | 30 | - | 40 | - [| so | - | ms _ | 
Address Setup Time tas | of - | of - | oO | - | os | 
Write Pulse Width twp | 20 f - | 2 | - | 35 | - | ms | 
Data Valid to End of Write tpw | 20: | - | 25 | - | 25 | - | as | 
Write Enabled to Output in High Z twz ro | 2 | o [ 25 | o | 25 | ns | 3,4 
Output Active from End of Write | tow | o | - | o | - | o | - | as | 3,4 
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HM6267 Series 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


SS 
s ee oe 


Data Out Data Undefined 


n 


High Impedance 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 


we VW TTT. 


High Impedance 
Dout Data Undefined 


Notes) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 
3. Transition is measured t500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6267 Series 


MLOW V.c DATA RETENTION CHARACTERISTICS (0°C S$ TeS70° ) 


This characteristics 1s guaranteed only for L-version 


Data Retention Current V2 Vec—0.2V or OVS V..90.2V Se ee MA 
Chip Deselect to Data Retention Time N eteog’ 14 ee, ee — ns 
rac * ns 






Operation Recovery Time 


Notes) *1 tac™Read Cycle Time *2Vic=3 OV 
*3 Verm2 OV 


@LOW V.c DATA RETENTION WAVEFORM 


DATA RETENTION MODE 


S2 Veco -02N 





SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 


Supply Current icc (Normalized) 
Supply Current /cc (Normalized! 





Supply Voltage toc (V) Ambient Temperature Ta (C) 
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HM6267 Series 


ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE 








g 3 
; : 
Ee E 
E i 
2 t 
a la 
z é 
oa 7 
Supply Voltage boo (WV) Ambient Temperature Ta (CT) 
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY 
} tns) 
i 200) HW) 66 50 40 
10 
Fe z 
= = 
E E 09 
e 2 
r - O8 
Lael cad 
7 2 07 
» = 
= F 
Ft 
06 
05 4. 2 - 
0 5 10 iS m4) 25 cf) 
Load Capacitance C1 pF) Frequency f (MH7) 


INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 





3 z 
4 E 
e ¢ 
3 2 
z _ 
te = 
~] > 
= & 

t 
2 3 
> 

& 
8 2 

Supply Voltage Vec (V) Supply Voltage Vec (V) 
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OUTPUT CURRENT VS. OUTPUT VOLTAGE 


Output Current Jow (Normalized) 





Output Voltage Vow (V) 


STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 


Vec=3V 
CS=28V 


Standby Current Isa: (A) 





Ambient Temperature Ta (C) 


HM6267 Series 


OUTPUT CURRENT VS. OUTPUT VOLTAGE 


Output Current Jor (Normalized) 





Output Voltage Vor (V) 


STANDBY CURRENT VS. SUPPLY VOLTAGE 


Standby Current Isai {Normahzed) 





Supply Voltage bce (V) 
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HM6264A Series 


8192-word x 8-bit High Speed CMOS Static RAM 


Maintenance Only 


# FEATURES HA6264AP Series 
@ Low Power Standby Standby: 0.1mW (typ.) 
10uW (typ.) L-/LL-version 
Low Power Operation Operating: 15mW/MHz (typ.) 
@ Fast access Time 100ns/120ns/150ns (max.) 
@ Single +5V Supply 
@ Completely Static Memory. .... No clock or Timing Strobe Required 


@ . Equal Access and Cycle Time 

@ Common Data Input and Output, Three State Output 

@ Directly TTL Compatible: All Input and Output 

® Capability of Battery Back Up Operation (L-/LL-version) Ors) 
HM6264ASP Series 

@ ORDERING INFORMATION 


HM6264AP-10 
HM6264AP-12 
HM6264AP-15 


HM6264ALP-10 
HM6264ALP-12 
HM6264ALP-15 


HM6264ALP-10L 
HM6264ALP-12L 
HM6264ALP-15L 


HM6264ASP-10 
HM6264ASP-12 
HM6264ASP-15 


HM6264ALSP-10 
HM6264ALSP-12 
HM6264ALSP-15 


HM6264ALSP-10L 
HM6264ALSP-12L 
HM6264ALSP-15L 


HM6264AFP-10 
HM6264AFP-12 
HM6264AFP-15 


HM6264ALFP-10 
HM6264ALFP-12 
HM6264ALFP-15 


HM6264ALFP-10L 
HM6264ALFP-12L 
HM6264ALFP-15L 


Note) T is added to the end of the type no. for a SOP of 3.00 mm (max.) 
thickness. 


600 mil 28 pin 
Plastic DIP 


(DP-28N) 


HM6264AFP Series 


300 mil 28 pin 
Plastic DIP 


28 pin 
Plastic SOP 
(Note) 





(Top View) 
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HM6264A Series 
® BLOCK DIAGRAM 





—o Ver 
—o Vss 





Memory Matr:x 
256 X 256 





1/08 0 


Column Decoder 


# ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Terminal Voltage! VT ~0.5*2 to +7.0 V 
Power Dissipation rf Stes | W 
Operating Temperature Topr =C 
Storage Temperature Tstg —55 to +125 G 
Storage Temperature (Under Bias)| 7 bias -10 to +85 °C 


Notes) *1. With respect to Vg. 
*2. -3.0V for pulse width S 50ns 


® TRUTH TABLE 


| Mode 1/O Pin |Vcc Current 
IC 
Ic 












waste. 
(Power Down) 
| H | H | Output Disabled| HighZ [Icc | 
| L{[H|L|Read | Dout |icc | 
HH ite [pin [icc _| 
| HL | | Din |icc | 


Read Cycle 
Write Cycle (1) 
Write Cycle (2) 












Note) *1. -3.0V for pulse width S 50ns 
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HM6264A Series-——_—___________—____ 


@) 
~ 


m™ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Vss = OV, Tz =0 to +70° 






















Item Test Condition typ*1| max | Unit 
Input Leakage Current Vin=Vss to Vcc ears MA 
Output Leakage Current Uno! eae re Viz, or OE= Vzz7 or WE=V 7, Rae uA 
Operating Power Supply Current CS1=V7,, CS2=V yy, I7j9=OmA ee ase mA 
r Min. cycle, duty=100%, CS1=V7,,, CS2=Viy7 45*§ may 
Average Operating Current Cycle time = lus, duty = 100%, I; 10 = OmA, 
Icc2 CS1 $ 0.2V, CS2 2 Vcc -0.2V 3 5 | mA 
Vins 2 Voc -0.2V, Viz, = 0.2V 
Standby Power Supply Current ; CS12Vcc-0.2V, CS22V¢C-0.2V or | = | 0.02 mA 
* i a : *3 *3 
SBI"? | ov S082 £0.2V, 0V S Vin | = [27 [100 a 
| = | 2°4 | 50** 
7or__| Tox=2ima P= [= foe 
Output Voltage You | 


Notes) *1. Typical limits are at VCC=5.0V, Tg=25°C and specified loading. 
*2. Vit min=-0.3V 
*3. This characteristics is guaranteed only for L-version. 
*4. This characteristics is guaranteed only for LL-version. 
*S5. For 120ns/150ns version. 
*6. For 100ns version. 


® CAPACITANCE (f = 1MHz, 7, = 25°C) 


= OV 










Input Capacitance 








Input/Output Capacitance 





Note) This parameter ts sampled and not 100% tested. 


@ AC CHARACTERISTICS (Vcc = 5V+10%, Ta = 0 to +70°C) 
e AC TEST CONDITIONS 

Input Pulse Levels: 0.8V/2.4V 

Input Rise and Fall Time 10ns 

Input Timing Reference Level: 1.5V 

Output Timing Reference Level: 0.8V/2.0V 


Output Timing Reference Level: HM6264A-10 1.5V 
HM6264A-12/15 0.8V/2.0V 


Output Load: 1TTL Gate and C; (100pF) (including scope and jig) 
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HM6264A Series 


e READ CYCLE 





| min | max | | min | max | min | max 

Address Access Time |taa {| - | 100 | - | 120 [| - | 150 ns 
Chip Selection wo Outpar FSS tao; |= | t00 | =| ~430 || 150 |r 

Pest [icon |= | 100 | | a0 |] 150 
Output Grable to Output Valla | tor | -| 50] - | oo |] 10 | 
ae Ela en ee 
Outputintow2 [esa gy | 10 | =] 10] | is 
Output Enable to OutputinLowZ | torz | 5 | - | 5 | - | 5 | - | os 
Chip Deselection to cst |twzi | 9 | 35 | o | 40 | oO | 50 | ns 
Output in High 2 cs1_| za |—0[ 35] 0 | #0] 0 | so] 
Output Disable to OutputinHighZ | toyz | 0 | 35 [| Oo [| 40 | 0 | So | ns 
Output Hold from Address Change toH | 10 | - [| 10 | - {| 10 [| - | ns 


Notes) 1. tyz and toyz are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2. At any given temperature and voltage condition, t777 max is less than t7 z min both for a given device and from 
d device to device. 


e READ CYCLE 


=k — TMT 
TTT 1 TANNA 


ANNNNNNNNRANNNNNN (TTT 
™ eave] KO 


Note) 1. WE is high for Read Cycle ‘OH 
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HM6264A Series 


e WRITE CYCLE 


Item Symbol 

[min [| max | min | max | min | max _ 
Wilte Cycle Time riwe [100 | - | 120 | - | aso | - 
Chip Selection to End of Write | tcw | 80 | - | 8 | - | 100 | - 
Address Setup Time ager 0 ei Oe Ore 
Address Valid to End of Write |taw | 80 | - | 85 | - | 100 | - | 
Write Pulse Width we | 60 | - | 70 | - | 9 | - 
Write Recovery Time Ttwe [| o | - | of} - {| of] -_ 
Write to Output in High Z rtwaz [0 | 35 | 0 | @ | 0 | 50] 
Data to Write Time Overlap Oa 1 
Data Hold from Write Time iu | 0] - | 0] - | 0] -~ 
Output Enable to OutputinHighZ | tonz | 0 | 38 | 0 | 4 | 0 | 30 
Output Active rom End of Write | tow [| 8 [| - {| 5 | - | 5 | - | 


© WRITE CYCLE (1) (OE clock) 


‘WC 


nts S cecniiecuntanmensil 


\ CU ssbb NQQQA YL 
7a 
en QO IZZIE. 


SCWLLLLLL Liaw KWL 


" TW KLLTLLIZZ. 
PDI ‘DW ‘DH 


aa 
\/ 


eieeer eaten ar aaMaL 
Din AP XXXA 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 





HM6264A Series 
@ WRITE CYCLE (2) (OE Low Fix) 


[WC 


TAW 








twR [4] 
tcw [2] 


ANS ARS ae, monn 170 FOLLIES 


Se es 


0329 / (ALLL LH WUQDAAAAAN 


(8) 
jg Ne ‘esanis CV 
CL IL DLL LL LLL LDY a lo aoe NTN 


[9] 


— 


csi 







VAAN AZY 
PLLLLINLY 


NOTES: 1) A write occurs during the overlap of alow CS1, a high CS2 and a low WE. A write begins at the latest transi- 
tion among CS1 going low, CS2 going high and WE going low. A write ends at the earliest transition among 
CS1 going high, CS2 going iow and WE going high, typ is measured from the beginning of write to the end 
of write. 

2) tcp is measured from the later of CS1 going low or CS2 going high to the end of write. 

3) tag is measured from the address valid to the beginning of write. 

4) twr is measured from the earliest of CS1 or WE going high or CS2 going low to the end of write cycle. 

5) During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs 
must not be applied. 

6) If CST goes low simultaneously with WE going low or after WE going low, the outputs remain in high im- 
pedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CSI is low and CS2 1s high during this period, I/O pins are in the output state Therefore, the input signals 
of opposite phase to the outputs must not be applied to them. 
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HM6264A Series 


= LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C) 
This characteristics is guaranteed only for L/LL-version. 


Item Symbol Test Condition 


CS12Vcec- > is 
Voc for Data Retention Vor CS12Vec-0.2V, CS2= Vec-0.2V or 


CS2 $0.2V 
Voc = 3.0V 
Data RetentionCurrent IccpR | C81 2Vcc-0.2V 
CS2 2 Vcc -0.2V or 0OVSCS2S0.2V,0VSV;j, 


Chip Deselect to Data Retention 
Time ‘CDR 
See Retention Waveform 


Operation Recovery Time 


Notes) *1. Vyzy min = -0.3V, 20uA max at 7,=0 to 40°C, This characteristics is guaranteed only for L-version. 
*2. V7_ min = -0.3V, 104A max at Tg = 0 to 40 C, This characteristics is guarnteed only for LL-version. 
*3. trc = Read Cycle Time 





@ LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled) 


Data Retention Mode 


'CDR (R 


VDR Se yey Bees 





CS12V cee - 0.2V 


QV-- -----------------) -----+- +++ 5-7-7 +--+ woes 


© LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 


____Data RetentionMode > 


04V-------- eee ee eee 
CS2 ¢ 0.2V 


OV- - <n re re ee eee 


Note) In Data Retention Mode, CS2 controls the Address, WE, CSI, OE and Din buffer. If CS2 controls data retention 
mode, Vin for these inputs can be in the high impedance state. If CS1 controls the data retention mode, CS2 must 
satisfy either CS2 >Vcc—0.2V or CS2 < 0.2V. The other input levels (address, WE, OE, I/O) can be in the high 
impedance state. = 


© HITACHI 
100 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





Nomis fe 


woCoartent docs ke 


My, 


Net malized 


whe 


Supply Current der 


Nor mahived 


\ecess Pime faa ten 








SUPPLY CURRENT VS. SUPPLY CURRENT VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Normalized 


Supply Current foci ieee 





Stpapls Voobtane Vee \ \mbient Temperature fa % 


SUPPLY CURRENT VS. ACCESS TIME VS. 
FREQUENCY LOAD CAPACITANCE 


Normalized 


Ta=25C 
Voc =MIN 


Access dime faacten 





Paeauencs f MEH Load Capacuance (2 pF) 
ACCESS TIME VS. ACCESS TIME VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Voc =50V 


ra 


Access Time taatoa | Normalized 


= ? 
“ 





“a 2) 40 60 80 





Ambient Temperature Ta ('C) 


Supply Voltage Veo \ 
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HM6264A Series 
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HM6264A Series 


INPUT LOW VOLTAGE VS. INPUT HIGH VOLTAGE VS. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


( Normalized } 


Input High Voltage Vivme Normalized 


Input Low Voltage Viteas 





ey rare Supply Voltage Vee SN 
OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Normalized 


Output Current fos 


Output Curren [ow ( Normalized} 





Output Voltage Vor \ 
Output Voltage Vow (V) 
STANDBY CURRENT VS. STANDBY CURRENT VS. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


10 


5 

z g 
F z 
E f=} 
foo} = 
7 a“ 

mst 
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fi x 
& = 

tf 
< 10 < 
* ® 
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Supply Voltage Vea iv: 





HMG6G288 Series 


16384-word X 4-bit High Speed CMOS Static RAM 


The Hitachi HM6288 is a high speed 64k static 
RAM organized as 16-kword x 4-bit. It realizes 
high speed access time (25/35/45 ns) and low 
power consumption, employing CMOS process 
technology. 

It is most advantageous for the field where high 
speed and high density memory is required, such 
as the cache memory for main frame or 32-bit 
MPU. 

The HM6288, packaged in a 300 mil plastic DIP 
and SOJ, is available for high density mounting. 
Low power version retains the data with battery 





(DP-22NB) 





back up. 

MFEATURES 

@ Single 5V Supply and High Density Plastic Package. (CP-24D) 
@ High Speed: Fast Access Time 25/35/45 ns (max.) SIPIN ARRANGEMENT 


@ Low Power dissipation 
Active mode 300mW (typ.) 
Standby mode 100uW (typ.) 
@ Completely Static Memory 
No Clock or Timing Strobe Required. 
@ Equal Access and Cycle Times. 
@ Directly TTL Compatible — All Inputs and Outputs. 


= ORDERING INFORMATION 


@ HM6288P Series 













HM6288P-25 300 mil 
HM6288P-35 22-pin 
HM6288LP-25 Plastic DIP 
HM6288LP-35 (DP-22NB) 
HM6288JP-25 25ns : 
HM6288JP-35 35ns 300 mi 
24-pin 
HM6288LJP-25 25ns SOJ (CP-24D) 
HM6288LJP-35 35ns 
MIBLOCK DIAGRAM 
lo o > a ae 
ue — Memory mee we 
A: © a Row \rray 
\s OJ :~CoDecader 128 Rows (Top View) 
Ae = W12 Columns 
\ | Sa 
+ Oo- ; a, 
er @Pin Description 
1 ne S —]cumio | Pin Name Function 
4 Column 1 O 
1 02 @ + — y AO - Al3 Address 
er : jor oe | ipa oat 
ra ns cs Chip Select 
WE Write Enable 
Voc Power Supply 
~ Vss Ground 
Sa 
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HM6288 Series 


@ ABSOLUTE MAXIMUM RATINGS 





Item Symbol Rating Unit 
Voltage on Any Pin Relative to Vss —0.5*'to +7.0 V 


Power Dissipation : 
Operating Temperature 0 to +70 ‘ 

Storage Temperature —55 to +125 °C 
Temperature under Bias —10 to +85 ‘Cc 


Note *1 Vr min =~—20V for pulse width®10ns 


) 
on - 


MTRUTH TABLE 
3 
MIRECOMMENDED DC OPERATING CONDITIONS ( 7a=0 to +70°C) 
Parameter | Symbol | mn typ | max | Unit 
Input High (logic 1) Voltage Vin | 22 | lc V 
Input Low (logic 0) Voltage Vit | -os® | - | oa | V 


Note. *1. Viz min = —2 0V for pulse widthS 10ns 


MDC AND OPERATING CHARACTERISTICS ( 7a=0 to +70°C, Vec=5V+10%, Vss=0V) 


Input Leakage Current | Jur | | Vec=MAX. Vin=Vss to Vcc 


Unit 
vA 


rm} 0% 
alo 


Output Leakage Current |Jzo| | CS=Vin,Vivo= Vss to Vec a vA 
Icc CS = Viz, [1o=0mA, min. cycle | = | 120 mA 
Standby Vcc Current Isp | CS= Vin, min. cycle PF = | 5 3 mA 


Operating Power Supply Current 


Isait? | CS2Vcc—0.2V 0.02 2.0 mA 
Standby Vcc Current 1 0.02 | 
Isai*3? | OVS Vin S0.2V or Vec —0.2VS Vin 


01 mA 


Output High Voltage lon=—4.0mA V 


Notes. * 1. Typical hmuits are at Vcc =5.0V, Ta= +25°C and specified loading 
* 2. P version 
* 3. LP version 


MICAPACITANCE ( 7a=25°C, f=1.0MHz) 
oe ee 


pF 


Input/Output Capacitance C1/o Vi/o=0V 


Note: This parameter ts sampled and not 100% tested 
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HM6288 Series 





MAC CHARACTERISTICS 

@ AC Test Conditions 
Input pulse levels: OV to 3.0V Input and Output timing reference levels: 1.5V 
Input rise and fall times: Sns Output load: See Figure 


5V 
5V 
4800 si 
Dout Dout 

255 F 

255Q 30pF* opF 

Output Load (A) 
Output Load (B) 
# Including scope & j1¢. (for tyz, thz, twz & tow) 


= READ CYCLE 








Read Cycle Time Ne oOOh fee a in ee | ns 
Address Access Time 25 ae ee ns 
Chip Select Access Time pf Ba ns 
Output Hold from Address Change Se le ee ee ee ns 
Chip Selection to Output in Low Z | trze | § | - | 5 | - | ns 
Chip Deselection to Output in High Z | tyze | 0 | 12 | O | 20 | os 
Chip Selection to Power Up Time | tpy | 0 | - [| 0 | - | ns 
Chip Seselection to Power Down Time tpp | = | 25 | = | 30 | ns 


* Transition is measured +200mV from steady state voltage with Load(B) 
This parameter 1s sampled and not 100% tested 


®@ Timing Waveform of Read Cycle No.1 [1] [2] 


tre 


ton 
Data Valid 









i oS » XX 


WAV AT Aw Ay, 
OK? | 
® Timing Waveform of Read Cycle No.2 [1] [3] 


irc 














CS 
me 1K 
oes tpp 


50% 50% 


current 


Notes 1 WE 1s High for Read Cycle 


2 Device is continuously selected, CS= Viz 2 
3 Address Valid prior to or coincident with CS transition Low 
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MAURER DGhGs Sree i a et 


ms WRITE CYCLE 


Parameter 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 

Write Pulse Width 

Write Recovery Time 

Date Valid to End of Write 
Data Hold Time 


Write Enabled to Output in High Z 
Output Active from End of Write 


eo 
= 
a 
Nv 
00 
oe 
tm 
34 
oh 
< 
On 
NM 
oo 
o 
Ww 
nr 
eS 
= 
- 


l 


~”A 
Siz] 3 
3 


fo) oO SO; Ol1n 


= 
NX 
* 


oa 
P= [os 
rr = 
as 
ako 
iDer [= 
ead 


~ 
9 
5 
* 
ws 


* Transition 1s measured + 200mV from steady state voltage with Load (B) 
This parameter ts sampled and not 100%. tested 


® Timing Waveform of Write Cycle No.1 (WE Controlled) 


Address 


twe 













= AMA 77977 
Eeswmnet 

. WY 

' OX = | KO 

eee ee 
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Se eS G28 Series 


® Timing Waveform of Write Cycle No.2 (CS Controlled) 





twe 
—_ YX 


= Tk Y7ZZZTZIZZ 
~ SXXRXKXREKKRK =| KKK 


Notes) 1 A write occurs during the overlap of a low CS anda low WE (twp) 

2 twr is measured from the earher of CS or WE going high to the end of write cycle 

3 During this period, I/O pins are in the output state so that the input signals of opposite phase to the 
outputs must not be applied 

4 If the CS low transition occurs simultaneously with the WE low transition or after the WE 
transition, the output buffers remain in a high impedance state 

5 If CS 1s low during this period, I/O pins are 1n the output state after tow Then the data input signals 
of opposite phase to the outputs must not be applied to them 

6. Dout 1s the same phase of write data of this write cycle, 1f twr is long enough 


@ Low Vcc Data Retention Characteristics (7a=0 to + 70°C) 
(This Characteristics is guaranteed only for L-version.) 


Parameter Max Test Conditions 


Vcc for data retention Vor = y | CS2Vec—0.2V 
Vin 2 Vcc —0.2V or 
Data retention current econ |= | OVE Vn S0.2V 
Chip deselect to data jteoe | oo | 
- P CDR 
retention time 


Operation recovery time tr tre 


See retention waveform 


ag 
Ao 
ee 

aa Cc 

3 

Mm — 


NOTE 1 trc=Read cycle time 
2 Vcc =3.0V 
3 Voc =20V 


Low Vcc Data Retention Waveform 


Data Retention Mode 











Vee 


45V—-~— ——— —— 


tcor 


CS2 Veco —0.2V 
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HM6288 Series 


Access Time taa, tacs (Normalized) 


Access Time taa,tacs (Normalized) 


108 


SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 


Supply Current Icc (Normalized) 
Supply Current Icc (Normalized) 








Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. LOAD CAPACITANCE 
1.8 
B16 
s 
E 
Zz 14 
= 12 
© 
Sy 
b 
g 1.0 
< 
0.8 
0.6 
0 50 100 150 200 
Supply Voltage Vcc (V) Load Capacitance C.(pF) 
ACCESS TIME VS. AMBIENT TEMPERATURE SUPPLY CURRENT VS. FREQUENCY 


Supply Current Icc (Normalized) 





Ambient Temperature Ta (°C) Frequency f (MHz) 
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HM6288 Series 


LOW LEVEL INPUT VOLTAGE VS. HIGH LEVEL INPUT VOLTAGE VS. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Low Level Input Voltage Vi_( Normalized ) 
High Level Input Voltage Vin( Normalized ) 





S ly V 
Supply Voltage Vcc (V) upply Voltage Vcc (V) 


OUTPUT CURRENT VS. OUTPUT VOLTAGE(1) OUTPUT CURRENT VS. OUTPUT VOLTAGE(2) 


High Level Output Current Ion (Normalized) 
Low Level Output Current lot (Normalized) 





High Level Output Voltage Von (V) Low Level Output Voltage Vor (V) 


STANDBY CURRENT VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE 


Standby Current lccor (Normalized) 
Standby Current Ispi (Normalized) 





Ambient Temperature Ta (°C) Supply Voltage Vcc (V) 
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HM6288 Series 


STANDBY CURRENT VS. INPUT VOLTAGE 


Standby Current Isr: (Normalized) 





Input Voltage Vin (V) 
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HMG788 Series 


16384-word x 4-bit High Speed Hi-BiCMOS Static RAM 


MFEATURES 
@ Super Fast Access Time : 25/30ns (max.) 
@ Low power Operation 
Operating: 230mW (typ), Standby: 10mW (typ) 
e +5V Single Supply 
@ Completely Static Memory — 
No Clock or Timing Strobe required 
@ Balanced Read and Write Cycle Time 
@ Fully TTL compatible Input and Output 


@ ORDERING INFORMATION 


Access Time 






Package 










HM678SP-25 300 mil 22 pin 





MBLOCK DIAGRAM 

A2O > aes 

A3O > ani ——O Ver 
MS Ly Row Memory Matrix ——O Vss 
AsO L3——] Decoder 128X512 

AsO 3 

A7O >a 

AsO ocd 





4 Column 1/0 
Column Decoder 















Input 
Data 
Control 








ABSOLUTE MAXIMUM RATINGS 


Terminal Voltage to Vss pin V 
Power Dissipation 
Operating Temperature a 
Storage Temperature (with bias) “G 
Storage Temperature °C 
@ HITACHI 





Maintenance Only 
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MPIN ARRANGEMENT 





(Top View) 
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HM6788 Series 





MTRUTH TABLE 
a |» | Newest [tn tem | tiensz 


X:Horl 


MIRECOMMENDED DC OPERATING CONDITIONS (0°C = Ta= 70°C) 


Supply Voltage 
| 60 | 
| os | iv 


Input High Voltage Vin fee, | 
Input Low Voltage Vin a oe 


Note) #1 —30V with 20ns pulse width 


HDC AND OPERATING CHARACTERISTICS ( Vcc=5V + 10%, Ta=0°C to +70°C) 


Input Leakage Current |Jur| | Vec=5.5V, Vin=Vss to Vec Fp - | - | 2 | uA 
Output Leakage Current [Izo| |CS= Vin, Vi/o= Vss to Vec fo- foe [2 vA 
fen [Sati vanetravnemaw || — |W | ma 


wAC CHARACTERISTICS (Vcc = 5V +10%, 7, = 0 to +70°C, unless otherwise noted) 
@ AC Test Conditions 


Input pulse levels: Vss to 3.0V Input and Output reference levels: 1.5V 
Input rise and fall time: 4ns Output Load: See Figure 
+5V 
+5V 
480Q 
Dout 
4802 
Dout pe 
255Q * 
2550 30pF° 


@ Including scope and jig. 


Output Load B 
Output Load A ((CHZ, tWHZ, tCLZ. tow) 
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HM6788 Series 


@READ CYCLE 















HM6788-25 HM6788-30 
Item Symbol Unit 
Cn [me fmm |e 
Notes) *1 This parameter is sampled and not 100% tested 
*2 Transition 1s measured +200mV form steady state voltage with Load (B) This parameter 1s sampled and not 100%. tested 
*3 If t1 becomes more than 150ns, there 1s possibility of function fail 
please contact your nearest Hitachi Sales Dept regarding specification 
Bae *1,*2 
@ Timing waveform of Read Cycle No. 1 
TRE 
Address 
Dout 
eA. ite *4 *3 
@ Timing waveform of Read Cycle No.2 © i 
as 
High Impedance 
Hout 
High Impedance 
Note) *1. WE = VIH 
*2. CS=Vy7zz a 
*3. Address valid prior to or coincident with CS transition Low. 
@ WRITE CYCLE 
HM6788-25 HM6788-30 
Item Symbol Unit 
nin [mee [ee 
* 1 Transition 1s measured +200mV from steady state voltage with Lood(B) 
This parameter 1s sampled and not 10020 tested 
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HM6788 Series 


® Timing waveform of Write Cycle No. 1 (WE Controlled) 


tuc 


a 









Address 


9 
ie) 


_ wl | Ve WY 
LID of ff of LK /\&A 


tow {DH | 


High Impeds | 4 
Din a ee eee 
/\ / / High Impedance 


®@ Timing waveform of Write Cycle No. 2 (CS Controlled) 


twc 


Address f —s—‘i‘s_isSS 


High Impedance 
Dout 


tow tbH 


Ve 
_ —__(r= WO 


Notes) *1. A write occurs during the overlap (twp) of a low CS and a low WE. 

*2. During this period, I/O pins are in the output state so that the input signals of 
opposite phase to the outputs must not be applied. 

*3. Dout is the same phase of write data of this write cycle. 

*4_ If the CS low transition occurs after the WE low transition, output remain ina 
high impedance state. 

*5. If CS is low during this period, I/O pins are in the output state. Then, the data 
input signals of opposite phase to the outputs must not be applied to them. 

*6. twR is measured from the earlier of CS or WE going high to the end of write cycle. 


BECAPACITANCE ( 7a=25°C, f=1.0MHz) 





Conditions 


Vin=0V 









Input Capacitance 





Input/Output Capacitance 


Note) This parameter ts sampled and not 100°. tested 
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HMG/7S8SH Series 


16384-word x 4-bit High Speed Hi-BiCMOS Static RAM 


Features 
@ Super Fast Access Time: 15/20ns (max.) 
@ Low power Operation 
Operating: 280mW (typ) 
@ +5V Single Supply 
@ Completely Static Memory — 
No Clock or Timing Strobe required 
@ Equal Access and Cycle Times 
@® Fully TTL compatible Input and Output 








(DP-22NB) 


Ordering Informatio 
0 : Pin Arrangement 


Type No. Access Time Package 
HM6788HP-15 1Sns 300 mil 22 pin 
HM6788HP-20 20ns Plastic DIP 
Block Diagram 


Memory Matrix 


128x512 


Column I/O 


Column a 


(Top View) 





Absolute Maximum Ratings 


Item Symbol Rating Unit 
Terminal Voltage to Vss pin Vr —0.5to +7.0 V 
Power Dissipation Pr 1.0 "WwW 
Operating Temperature Topr 0to +70 ‘°C 
Storage Temperature (with bias) Tite (bias) -10to +85 °C 
Storage Temperature Tats —55to +125 ‘Cc 


Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi’s Sales Dept. regarding specifications. 
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HM6788H Series 





Truth Table 
Cs WE Mode Vec Current 1/O Pin Ref. Cycle 
x Not selected Tsp, Ise. High Z _ 
H Read Icc, Icci Data Out Read Cycle (1), (2) 
L L Write Icc, Icci Data In Write Cycle (1), (2) 
x: Hor L 


Recommended DC Operating Conditions ((0°C s Jas 70°C) 


Item Symbol min typ max Unit 
Say valteee Vec 45 5.0 5.5 V 
Vss 0 0 0 V 
Input High Voltage Vin 2.2 = 6.0 V 
Input Low Voltage Vin =(05*" - 0.8 V 


Note) *1. -3.0V with 10ns pulse width. 


DC and Operating Characteristics ( Vcc=5V + 10%, Ta=0°C to +70°C) 


Item Symbol Test Conditions min typ max Unit 
Input Leakage Current [Tur] Vec=5.5V, Vin=Vss to Vec = — 2 uA 
Output Leakage Current \ILo| CS=Vin, Vi/o= Vss to Vec - - 10 uA 
Opearating Power Supply Current Icc CS= Vin, I1/o=0mA _ = 100 mA 
Average Operating Current Icei Min. Cycle, Duty: 100% J1/0 =OmA _ a 120 mA 
Isp CS= Vin = = 30 mA 


Standby Power Supply Current _—_—— OO OS eee ee een 
Isp CS2 Vec—0.2V, Vins0.2V or Vive Vec—0.2V ~ - 10 mA 


Output Low Voltage Vou lor =8mA _- aa 0.4 V 
Output High Voltage Vou Ton= —4mA 2.4 = — V 


AC Characteristics (Voc = 5V +10%, 7, = 0 to +70°C, unless otherwise noted) 


@ AC Test Conditions 
Input pulse levels: Vsg to 3.0V Input and Output reference levels: 1.5V 
Input rise and fall time. 4ns Output Load: See Figure 


@ Including scope and jig. 


Output Load B 
Output Load A (tHZ, tLz, twz, tow) 
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HM6788H Series 





Read Cycle 
Item Symbol Paice ee nen oe Unit Note 
min max min max 
Read Cycle Time tre 15 - 20 - ns 
Address Access Time taA _ 15 - 20 ns 
Chip Select Access Time tacs - 15 - 20 ns 
Chip Selection to Output in Low Z thz 3 - 3 - ns 12 
Chip Deselection to Output in High Z tz 0 6 0 8 ns 1,2 
Output Hold from Address Change toH 3 _ 3 - ns 


Note) *1. This parameter is sampled and not 100% tested. 
*2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 


@ Timing waveform of Read Cycle No. 1*!*? 










Address 


t 


AA ton 
AKA eaves AX 


loH 
Data Out Previous Data Valid 





Data Out 


High Impedance 





Note) *1. WE = Vy 


*2. CS= Viz 
*3. Address valid prior to or coincident with CS transition Low. 
Write Cycle 
Item Symbol Se ae ini Tanto Unit Note 
min max min max 

Write Cycle Time twe 15 _ 20 - ns 2 
Chip Selection to End of Write tow 10 - 15 - ns 
Address Setup Time tas 0 - 0 - ns 
Address Valid to End of Write taw 10 - 15 - ns 
Write Pulse Width twp 10 _ 15 - ns 
Write Recovery Time twr | - 1 - ns 
Write Enable to Output in High Z twz 0 6 0 8 ns 3,4 
Data Valid to End of Write tow 9 - 10 - ns 
Data Hold Time tpoH 0 - - ns 
Output Active from End of Write tow 0 - - ns 3,4 


Note) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6788H Series 


@ Timing waveform of Write Cycle No. 1 (WE Controlled) 


os Wy LTTNTTT 


ig eae 


‘ twe*l ———_» 
NNN: ae 


High Impedance _ j i a High Impedance 
(4 Data Valid 46 
twz'3 


tas 


/\ toH*6 
w* 


Bua CEREEECEEE High Impedance | OX x , 





® Timing waveform of Write Cycle No. 2 (CS Controlled) 


Address 


tDH 


> 
id 


pee XXRKKXNNRRKKIK oo vase YANKS 
Data Out High Impedance *4 





Note)*1.A write occurs during the overlap of a low CS and a low WE. (twp) 
*2.twr is measured from the earlier of CS or WE going high to the end of write cycle. 


*3. During this period, I/O pins are in the output state so that the input signals of opposite 
phase to the outputs must not be applied. 


*4. If the CS low transition occurs simultaneously with the WE low transition or after the 
WE transition, the output buffers remain in a high impedance state. 


*5.1f CS is low during this period, I/O pins are in the output state. Then the data input 
signals of opposite phase to the outputs must not be applied to them. 


*6. Data Out is the same phase of write data of this write cycle. 


Capacitance ( 72=25°C, f=1.0MHz) 


Item Symbol min typ max Conditions 
Input Capacitance Cin a a 6.0 Vin=0V 
Input/Output Capacitance C:/o - = 10 V1/o =0V 


Note) This parameter is sampled and not 100% tested. 
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HM6788HA Series — Preiiminary 


16384-Word x 4-Bit High Speed Static RAM 
@ FEATURES 


e Super Fast 

PCCOSS TIMO rx. o hhh est eee wei 12/15/20ns (max.) 
e +5V Single Supply 
e Low Power Dissipation 

(DG) Operating « cei e i ici4ee Was eee es 300mW (typ.) 
¢ Completely Static Memory 

No Clock or Timing Strobe Required 
e Fully TTL Compatible—All Inputs and Outputs 


@ ORDERING INFORMATION 


Access Time 


12ns 
1Sns 
20ns 














Package 


300 mil 22 pin 
Plastic DIP 
(DP-22NB) 


HM6788HAP- 12 
HM6788HAP-15 
HM6788HAP-20 





m@ BLOCK DIAGRAM 






Aso Sl —0o Voc 
Oo 
Azo pos —OVsg 
Aso ba Row Memory Matrix 
<4 Decod 
As o NS] Decoder 128 X 512 
VY 
Aso 
A300 
Ao CS 
1/0; O Column I/O 
VO20 Column Decoder 
eee ARR a ARRAS 
1/04 © 
CS; 
ee — 
© HITACHI 
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HM6788HA Series 


@ ABSOLUTE MAXIMUM RATINGS 


item Uni 
Voltage on Any Pin Relative to Vss Vv 
Power Dissipation W 
Operating Temperature °C 
Storage Temperature °C 
Temperature Under Bias °C 


M@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 


fem Min Un 


aiarrat 

7 CO 
input High (Logic 1) Voge a ee Oe ee TO 
Input Low (Logic 0) Voltage Vi | -3.0* | — | 08 | 


*Pulse width < 10ns, DC: -0.5V 


@ TRUTH TABLE 


S| We Ref, Cycle 
: : 

L Read Cycle (D, @ 
tk | Wiite | covtecy [Data in [_Wiite Cycle), @) 


™@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, Vg = OV) 


tem 
Input Leakage Current al =| Veco = 5.5V, Vin = Vsg to Vec 
Output Leakage Curren 
Operating Power Supply Current Ice | CS = Vy, Ivo, = OmA 

Average Operating Current Min. Cycle Duty: 100% Ijjo = OmA 


Standby Power Supply Current Isp 


Standby Power Supply Current (1) Ispi 


<i 

3S 
i) — Wits! =] —_ < 
x NO nN 


All 
AI|” 
V iil 
< |< 
Q sa 
oS 
bo 
< 
> 5 


VIN < 0.2V or VIN = Vcc ~0.2V 
Ouiput Law Wohags 
Output High Volags Vor 


@ AC TEST CONDITIONS 


e Input Pulse Levels: Vg to 3.0V e Input Rise and Fall Times: 4ns 
¢ Input Timing Reference Levels: 1.5V © Output Reference Levels: 1.5V 
¢ Output Load: See Figure 


+5 V +5 V 


4800 Dout 4800 
30 pF * 2550 5 pF * 


Output Load B 
Output Load A (for tyz, t.z, twz, & tow) 


*Including scope and jig capacitance. 
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Unit 
pA 
pA 
mA 


mA 


mA 


<i< 





HM6788HA Series 


M@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 


fem Symbol [Max [Unt | _ Condition 


Input Capacitance Cy | 60 | pF__| Viv=ov 
Input/Output Capacitance Cro Vio = OV 


NOTE: This parameter is sampled and not 100% tested. 


m@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.) 
e Read Cycle 


Item Symbo 


en 
< 
n 
~ 
oo 
oo 
em 
‘6 
SS) 
L 
< 
oN 
~ 
90 
00 
oe 
s 
ar 
en 
=< 
On 
~ 
) 
60 
os 
> 
S) 
oS 
Ls 
= 
Z 
S 
& 
N 


Min. [ Max. | Min. | Max 
Read Cycle Time nae eee ee ee 
Address Access Time Ya ea a 
Chip Select Access Time ew eee eee 
Output Hold from Address Change | ton | 4 | — | 4 | — | 4 [ — | 2s | ams 
Chip Selection to Output in Low Z | tz | 3 | — | 5 | — | 5 | — [ ns | 1,2 
Chip Deselection to Output in High Z tyz | o | 6 | oO | 6 | O | 8 | os | [2 
NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
e Write Cycle 
ae HM6788HA-12 | HM6788HA-15 | HM6788HA-20 
| Min. | Max. | Min. | Max. | | Min. | Max. | 

Write Cycle Time Teo |e) =| oe om 
Chip Selection to End of Write tcw | gs | — | 0 | — | 6 | — | os | — 
Address Valid to End of Write | tw | 8 | — {| 0 | — | 6 | — [ ns | — 
Address Setup Time ee el ee me 
Write Pulse Width wilt | oe pas | ae = 
Write Recovery Time 0 Oe ee a 
Daa Valid to End of Wilt Ace ee ee ee 
Data Hold Time eae a Ie Oe 
Write Enable to Output in High Z | twz | 0 | 6 | 0 [| 6 | O | 8 | ns 3,4 
Output Active from End of Write tow | 3 {| — { 3 | — | 3 | — | os | 3,4 


NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 121 








HM6788HA Series ———__— 


@ TIMING WAVEFORM 
e Read Cycle (1) (1) (2) 
tre 


Address 


toH 


Data Out Previous Data Valid eX xX XX > C-Datavalid = 


e Read Cycle (2) (1) (3) 


: tre 
_ tacs 
tLz tHz 
Data Out — CXK KK > Data Valid 
High Impedence 
High 
Impedence 


NOTES: 1. WE is High for READ cycle. 
2. Device is continuously selected, CS = Vit 
3. Address valid prior to or coincident with CS transition low. 
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HM6788HA Series 


e Write Cycle (1) (WE Controlled) 








Address 


e WN YZ 


} twr(2)_ 


: gt 
SS == 













Bae High Impedance Ok taavaa Data oe 
tou (6) 
7 2LL.L 2.22 eL.2.2.™\ High Impedance Kone < cx 
Data Out -\Y N\A N\VAVNANA NS SA /\LN 
e Write Cycle (2) (CS Controlled) 
twc 
Address 
CS 
twp (1) 
WE MAN AYRK , MWLLLLLLLLLLLL 
DW DH 


patain XXXXXXMXXXKAAKAAAAAD XXX 
ea High Impedance (4) 
ata Ou 


NOTES: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
2. twr 1s measured from the earlier of CS or WE going high to the end of write cycle. 


3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 


4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 


5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the 
outputs must not be applied to them. 


6. Dout is the same phase of write data of this write cycle. 
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HM6289 Series 


16384-Word x 4-Bit High Speed CMOS Static RAM (with OE) 


The Hitachi HM6289 is a high speed 64k static RAM organized 
as 16-kword x 4-bit. It realizes high speed access time (25/35/45 ns) 
and low power consumption, employing CMOS process technology. 

It is most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. 

The HM6289, packaged in a 300-mil SOJ, is available for high 
density mounting. Low power version retains the data with battery 
back up. 


Pin Arrangement 


Features 
¢ High speed 
Access time: 25/35 ns (max) 
¢ High density 24-pin SOJ package 
« Low power 
Active mode: 300 mW (typ) (Top View) 
Standby mode: 100 pW (typ) 
¢ Single 5 V supply 
« Completely static memory 
No clock or timing strobe required 
¢ Equal access and cycle times 





Pin Description 


¢ Directly TTL compatible: All inputs and outputs Pin Name Function 
; ; A0-A13 Address 
Ordering Information VO1-1/04 Input/output 
Type No. Access Time Package CS Chip select 
HM6289JP-25 25 ns 300-mil OE Output enable 
HM6289JP-35 35 ns 24-pin WE Write enable 
HM6289LJP-25 25 ns SOJ Vcc Power supply 
HM6289LJP-35 35 ns (CP-24D) Vss Ground 


Block Diagram 
>—0O Vec 
——O Vss 


Memory Matrix 


128 x 512 








fe a ne | 
Column 1/0 


Bee 
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HM6289 Series 


Function Table 





CS OE WE Mode Vcc Current I/O pin Ref. Cycle 
H x x Not selected Isp, Ispi High-Z — 
L L H Read Icc Dout Read cycle (1)+3) 
L H L Write Icc Din Write cycle (1)—(2) 
L L L Write Icc Din Write cycle (3)-(6) 


Note: x; HorL 


Absolute Maximum Ratings 


Item Symbol Value Unit 
Voltage on any pin relative to Vss Vin —0.5*! to +7.0 V 
Power dissipation Pr 1.0 W 
Operating temperature range Topr 0 to +70 °C 
Storage temperature range Tstg ~55 to +125 a @ 
Storage temperature range under bias Thias —10 to +85 °C 


Note: *1. Vin min = ~-2.0 V for pulse width < 10 ns. 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Item Symbol Min Typ Max Unit 
Supply voltage Vcc 4.5 5.0 5.5 V 
Vss 0 0 0 Vv 
Input high (logic 1) voltage Vn 2.2 — 6.0 V 
Input low (logic 0) voltage Vu 0.5"! — 0.8 V 


Note: *1. VL min =~-2.0 V for pulse width < 10 ns. 


DC Characteristics (Ta = 0 to +70°C, Vcc = 5 V+ 10%, Vss=0 V) 


Item Symbol Min Typ"' Max — Unit Test Conditions 
Input leakage current Mul — — 2.0 pA Vcc = Max 
Vin = OV to Vcc 
Output leakage current IILol — — 2.0 pA CS = Vin 
Vvo = 0 V to Vcc 
Operating Vcc current Icc — 60 120 mA CS = Vu, Ivo = 0 mA, 
Min. cycle 
Standby Vcc current Isp — 15 30 mA CS = Vm, Min. cycle 
Standby Vcc current (1) Ispi*? ae 0.02 2.0 mA CS > Vcc -0.2 V 
Ispi"? _— 0.02 0.1 mA OV < Vin < 0.2 V or 
Vcc - 0.2 V < Vin 
Output low voltage VoL — — 0.4 V Io. = 8mA 
Output high voltage Von 2.4 = on V Tou =-4.0 mA oe 


Notes: *1. Typical limits are at Vcc= 5.0 V, Ta = +25°C and specified loading. 
*2. P-version 
*3. LP-version 


Capacitance (Ta = 25°C, f = 1MHz) 


Item Symbol Min Typ Max Unit Test Conditions 
Input capacitance Cin — — 6 pF Vin=0V 
Input/output capacitance Cro — — 8 pF VI/O=0V 


Note: This parameter is sampled and not 100% tested. 
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HM6289 Series 


AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted.) 
Test Conditions 


Input pulse levels: Vss to 3.0 V 
Input rise and fall times: 5 ns 

Input and output timing reference levels: 1.5 V 
Output load: See figures 


Output Load (A) Output Load (B) 
(for tCHZ, tCLZ, tOHZ, tOLZ, tWHZ & tow) 


+5V +5V 
4800 4800 


* 
30pF 5pF * 





Note: * Including scope & jig. 


Read Cycle 

HM6289-25 HM6289-35 
aa Symbol Min Max Min ‘Max a 
Read cycle time tRC 25 — 35 — ns 
Address access time tAA — 25 — 35 ns 
Chip select access time tacs — 25 — 35 ns 
Chip selection to output in low-Z tciz”! 5 — 5 — ns 
Output enable to output valid {OE — 12 — 15 ns 
Output enable to output in low-Z toLz”! 0 — 0 — ns 
Chip deselection to output inhigh-Z —_tcuz”! 0 12 0 20 ns 
Chis disable to output in high-Z touz”! 0 10 0 10 ns 
Output hold from address change tOH 3 — 5 —_ ns 
Chip selection to power up time tpu 0 — 0 —— ns 
Chip deselection to power down time trp — 25 —— 30 ns 


Note: *1. Output transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% 
tested. 
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HM6289 Series 


Read Timing Waveform (1) 





KAMAN 


As a} AZ ZZATT 
i a7 





Read Timing Waveform (2) '.24 





Notes: *1. WE is high for read cycle. __ 
*2. Device is continuously selected, CS = VIL. 
*3. Address valid prior to or coincident with CS transition low. 





*4. OE = VL. 
Write Cycle 
HM6289-25 HM6289-35 
Item Symbol yg, Max. Min Max Unit 

Write cycle time twc 25 — 35 — ns 
Chip selection to end of write tcw 20 — 30 — ns 
Address valid to end of write taw 20 — 30 — ns 
Address setup time tas 0 — 0 — ns 
Write pulse width twp 20 — 30 — ns 
Write recovery time twR 0 — 0 — ns 
Output disable to output in high-Z"! —_tonz 0 10 0 10 ns 
Write to output in high-Z"! tWHz, 0 8 0 10 ns 
Data to write time overlap tow 12 — 20 — ns 
Data hold from write time DH 0 — 0 — ns 
Output active from end of write”! tow 5 — 5 — ns 


Note: *1. Output transition is measured + 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% 
tested. 
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HM6289 Series 


Write Timing Waveform (1) (OE = High, WE = Controlled) 
twe 
YAY ee 1777, 


AN 


~ XXXXXXXOK__ == XXXXXD 


High Impedance 





Write Timing Waveform (2) (OE = High, CS = Controlled) 


NANA ces 900000, 


~ XXXXXXXK XXX) 


High Impedance 


Dout 
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HM6289 Series 


Write Timing Waveform (3) (OE = Clocked, WE = Controlled) 





tow ton 


tie ae ae 
Ok == XX 
/\/\ A as 


Write Timing Waveform (4) (OE = Clocked, CS = Controlled) 


es 
7IVT# K\\\\ 
a 


=e 
WO ZZZZZ7 


YY == DX 
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HM6289 Series 


Write Timing Waveform (5) (OE = Low, WE = Controlled) 


Vea oaare earn 
: SYM ZV TT7 
«—— Yyy 


Dout a ee High Impedance 
ELUDES oI 


tow tpn 


eect tee 
(== 













Write Timing Waveform (6) (OE = Low, CS = Controlled) 


Notes: 


130 


et 


i 
#3. 
*4, 


*; 


*6, 
ball 


Dout 





iene nit 
‘ OK met OOOO 


A write occurs during the overlap of a low CS and a low WE. (twp) 
tWR is measured from the earlier of CS or WE going high to the end of write cycle. 
During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 


If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 
in a high impedance state. 


If CS is low during this period, I/O pins are in the output state after tow. Then the data input signals of opposite phase to the 
outputs must not be applied to them. 


Dout is the same phase of write data of this write cycle, if twR is long enough. 


If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in high 
impedance state. 
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HM6289 Series 


Low Vcc Data Retention Characteristics (Ta = 0 to +70°C) 
This characteristics is guaranteed only for L-version. 





Item Symbol Min Typ Max Unit Test Conditions 
Vcc for data retention VpR 2 — — V CS > Vcc — 0.2 V, 
Data retention current Iccor ~~ — 50°? LA Vin = Vcc — 0.2 V or 
35°77 OV<Vin<s0.2V 
Chip deselect to data retention time {CDR 0 — — ns See retention waveform 
Operation recovery time tR tre"! — — ns 
Note: *1. tkc = Read cycle time 
*2. Vcc =3.0 V 
*3. Vec=2.0 V 


Low Vcc Data Retention Waveform 


Data Retention Mode 


CS2 Vee -0.2V 





© HITACHI 


Hitachi America, Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 @ (415) 589-8300 131 








HM6289 Series 


Supply Current vs. Supply Voltage Supply Current vs. Ambient Temperature 





> > 
S 8 
= 3 
E E 
6 6 
Sj Sj 
ke ke 
6 5 
= ay 
B 
; E 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
Access Time vs. Supply Voltage Access Time vs. Load Capacitance 
1.8 
- i 
5 Sis 
ts] 
E E 
SG 14 
- 8 
: a 
< 3 
) 2 1.0 
< < 
085 50 100 150 200 








Supply Voltage Vcc (V) Load Capacitance CL (pF) 
Access Time vs. Ambient Temperature Supply Current vs. Frequency 
A 100 50 33 25 20 T (ns) 
a} 
a 
Sj 3 0.9 
g 
F © os 
ry E 0.7 
- d 
. 2 
g & 06 
< a 
2.9 10 2 430 440 50 
Ambient Temperature Ta (°C) Frequency f (MHz) 
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Low Level Input Voltage Vm (Normalized) 


Tou (Normalized) 


High Level Output Current 


Iccor (Normalized) 


Standby Current 


HM6289 Series 


Low Level input Voltage vs. Supply Voltage High Level Input Voltage vs. Supply Voltage 


High Level Input Voltage ViIH (Normalized) 





Supply Voltage Vcc (V) Supply Voltage Vcc (V) 


Output Current vs. Output Voltage (1) Output Current vs. Output Voltage (2) 


ToL (Normalized) 





Low Level Output Current 


High Level Output Voltage VoH (V) Low Level Output Voltage Vot (V) 


Standby Current vs. Ambient Temperature Standby Current vs. Supply Voltage 


Standby Current IsBr (Normalized) 





Ambient Temperature Ta (°C) Supply Voltage Vcc (V) 
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HM6289 Series 


Standby Current vs. Input Voltage 













_ 4 Ta=25T 
ec =5. V 

E ‘ tnasy 

SR 

S 

LIN TEE 

TPA 

5 

BP | in 

PLAT NI 


0 i 2 3. #4 56 «6 


Input Voltage Vin (V) 
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HMG789 Series— —M Maintenance Only 


16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE) 





Features 
@ Super Fast Access Time:............... 25/30 ns (max) 
@ Low Power Dissipation (DC) Operating..... 230 mW (typ.) 
@ +5V Single Supply 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
Balanced Read and Write Cycle Time 
@ Fully TTL Compatible Input and Output 


HM6789P Series 


Ordering Information 


Type No. Access Time Package (DP-24NC) 
HM6789P-25 25ns 300 mil 24 pin 
HM6789P-30 30ns plastic DIP HM6789JP Series 
HM6789JP-25 25ns 300 mil 24 pin 
HM6789JP-30 30ns Plastic SOJ 
Block Diagram 


Row Memory Matnx 
Decoder 128x512 


(CP-24D) 





Pin Arrangement 
Column I/O 


Control 


Data 
REG EREe Rees 


e e 
All Al2 Al3 AQ Al10 AO Al 





Absolute Maximum Ratings 





Item Symbol Rating Unit 
Terminal Voltage to Vgg Pin Vr ~—0.5to+7.0 V 
Power Dissipation Pr 1.0 WwW (Top View) 
Operating Temperature Range Topr 0to +70 °C 


Storage Temperature Range under bias Tstg(bias) -10 to +85 = 
Storage Temperature Range Tstg  -55 to+125 °C 
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HM6789 Series 


Recommended DC Operating Conditions (7, = 0 to +70°C) 


Output Load A 
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Item Symbol min typ max Unit 
Vcc 4.5 5.0 5.5 V 
Supply Voltage 
Vss 0.0 0.0 0.0 V 
Input High Voltage VIH 2.2 - 6.0 Vv 
Input Low Voltage VIL —0.5*! _ 0.8 V 
Note) *1. —3.0V for pulse width < 20ns. 
Function Table 
CS OE WE Mode Vcc Current 1/O Pin Ref. Cycle 
H Hor L H or L Not selected Isp, Ispi High Z — 
L H H Output Disabled Icc, Icci High Z _ 
L L H Read Icc, Icc1 Dout Read Cycle (1) (2) (3) 
L H L wa Icc; lecy Din Write Cycle (1) (2) (3) (4) 
rite 
L L L Icc, Iec1 Din Write Cycle (5) (6) 
DC and Operating Characteristics (Vcc¢=5V+10%, T,=0 to +70°C) 
Item Symbol min typ max Unit Test Conditions 
Input Leakage Current Ip = _ 2 HA Veco=5.5V, Vin = Vss to Vcc 
CS = Vin or OE = ViH or WE = VIL 
Output Leakage Current Lol _ - 2 uA Vijo = Vss to Vcc 
Operating Power Supply Current Icc _ — 100 mA CS=ViIr, Ijjo = OmA 
Average Operating Current Icc} as ee 120 mA Min.Cycle,Duty:100%,lj;9=0mA 
ISB = = 30 mA CS= Vin 
Standby Power Supply Current ie : ‘a sae CS2 Vcc -0.2V 
: 7 Vin S$ 0.2V or Vin 2 Vcc - 0.2V 
Output Low Voltage VOL _ _ 0.4 Vv Io, = 8mA 
Output High Voltage VOH 2.4 ae J V Ioy = -4mA 
AC Test Conditions 
@ Input pulse levels ............. 000000. Vss to 3.0V 
@ Input and Output reference levels .............. 1.5V 
@ Input rise and falltime .................0000e 4ns 
@ Output Load: See Figure 


s 


including 
scope and jig 


Output Load B 
touz, twuz, touz 
bcuz, tow, torz 








HM6789 Series 


Capacitance (7, = 25°C, f= 1.0MHz) 














Item Symbol min typ max Unit Test Conditions 
Imput Capacitance CIN _ ~ 6 pF Vin = OV 
Input/Output Capacitance Cio — — 8 pF Oy jo = OV 


Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Vcc=5V+10%, T,=0 to +70°C, unless otherwise noted.) 











Read Cycle 
Sire ; caeu HM6789-25 a HM6789-30 eo 
min max min max 
Read Cycle Time trc 25 a 30 = ns 
Address Access Time taAA — 25 = 30 ns 
Chip Select Access Time tacs = 25 _ 30 ns 
Chip Selection to Output in LowZ  tcpz*l O= -  O  % ns 
Output Enable to Output Valid ‘ton 0 15 0 15 ns 
Output Enable to Output in Low Z toLz*1 0 — 0 — ns 
Chip Deselection to Output in High Z tcHz*1 0 10 0 12 ns 
Output Hold from Address Change toH 5 — 5 - ns 
Input Voltage Rise/Fall Time ty*? 7 is0ti“‘<‘i‘i— ;*#*“‘“‘é‘i‘S‘ OU 
Write Cycle 
ie 7 ee | HM6789-25 HM6789-30 ee 
min max min max 
Write Cycle Time twc 25 — 30 as ns 
Chip Selection to End of Write tcw 20 = 25 Ee ns 
AddressSetupTime = tags OF; — 0 = ns 
Address Valid to End of Write taw 20 — 25 a ns 
Write Pulse Width twp 20 — 25 = ns 
Write Recovery Time twR 0 = 0 as ns 
Write to Output in High Z twHz*l 0 10 0 12 ns 
Data Valid to End of Write tpw 15 = 20 = ns 
"DataHoldTime =  tpy 5S — 5S 2 ns 
Output Disable to Output in Hihg Z touz*! 0 10 0 10 ns 
Output Active from End of Write tow*! 0 _ 0 = ns 


Notes) *1. Transition is measured +200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 
*2. Ifty becomes more than 15Ons, there is possibility of function fail. 
Please contact your nearest Hitachi Sales Dept. regarding specification. 
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HM6789H Series 


Timing Waveform 
Read Cycle (1) *! 


tre 


7 WY KITTT7 


Sh ee 77, 


ig eee =. =" 


Read Cycle (2)°1."2."3 









© 
ca) 


al 


Address 


Previovs Data Valid 





Read Cycle (3) °1.°3,°4 


Dout 





High Impedance 


Notes) *1. WE= Vin 
*2, CS= Vin 
*3. OE= VIL _ 
*4. Address valid prior to or coincident with CS transition Low. 
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HM6789 Series 


Write Cycle (1) (OE = H, WE Controlled) 





Addre 


> ne 
Ne 71777 
' AN 


tow ton 


& \A\AAAAAS ALLL LLL 


~ XXXXXXK KKK 


High Impedance 
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HM6789 Series 


Write Cycle (3) (GE = Clocked, WE Controlled) 


cseomasaresioait 
Zp SS 
NARA L/L 


sy St 


ee 
7IVT# Wh 
a 
- 
—_ ae a 
Wk AZZZZZZ 


Ox == kX 
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HM6789 Series 


Write Cycle (5) (OE = L, WE Controlled) 


twe 


WMT 77 
nn a 


VN AA A NAN ti tmpetnce Ys VN 
AE a i SE Se \ INA 


ton 


ee eects ed eel 
High Impedance e its AVON *5 High Impedance 
a r 
/\ of, 





Write Cycle (6) (OE = L, CS Controlled) 





Address 









a a 
as Os nn Seared 


t wuz 


[xs \ High Impedance 
\__/ 







tpn 





t pw 


eae aes 
(X= XXXKM) 


Notes)*1. A write occurs during the overlap (twp) of a low CS and a low WE. 

*2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 

*3. Dout is the same phase of write data of this write cycle. 

#4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 

*5_ If CS is low during this period, 1/O pins are in the output state. Then, the data input signals of opposite phase to 
the outputs must not be applied to them. 

*6. If CS low transition occurs simultaneously with the OF high transition or after the OE transition, output remain 


in high impedance state. 
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HMG78S89H Series 
16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE) 


Features 
@ Super Fast Access Time:............... 15/20 ns (max) 
@ Low Power Dissipation (DC) Operating. .... 280 mW (typ.) 
@ +5V Single Supply 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
Balanced Read and Write Cycle Time 
@ Fully TTL Compatible Input and Output 


HM6789HP Series 


Ordering Information 


Type No. Access Time Package (DP-24NC) 
HM6789HP-15 15ns 300 mil 24 pin 
HM6789HP-20 20ns plastic DIP HM6789HJP Series 
HM6789HJP-15 15ns 300 mil 
HM6789HJP-20 20ns 24 pin plastic SOJ 


Block Diagram 


Row Memory Matrix 


Decoder 128X512 


(CP-24D) 





es eee Pin Arrangement 
Column 1/0 


Input Column Decoder 
Data 


Control & 
Re ye 





Absolute Maximum Ratings 
Item Symbol Rating Unit 
Terminal Voltage to Vgg Pin Vr = -0.5to+7.0 V 
Power Dissipation Pr 1.0 WwW (Top View) 





Operating Temperature Range Topr 0to +70 °C 
Storage Temperature Range under bias Tstg(bias) -10 to +85 st & 
Storage Temperature Range Tstg SS to+125 °C 


Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi’s Sales Dept. regarding specifications. 
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HM6789H Series 


Recommended DC Operating Conditions (7, = 0 to +70°C) 





Item Symbol min typ max Unit 
Vcc 4.5 5.0 5.5 Vv 
Supply Voltage a ee 
Vss 0.0 0.0 0.0 V 
Input High Voltage Vin 2.2 — 6.0 Vv 
Input Low Voltage VIL —0.5*! _ 0.8 Vv 


Note) *1. -3.0V for pulse width < 10ns, 


Function Table 


CS OE WE Mode Vcc Current 1/O Pin Ref. Cycle 
H Hor L H or L Not selected Isp, Isp, High Z - 

LL HH OutputDisabled  Icclccy HighZ  - | 
L L H Read Icc,; Iec1 Data Out Read Cycle (1) (2) (3) 
L H L ait Icc: Iecy Data In Write Cycle (1) (2) (3) (4) 
L L L Ice; Iccy Data Out Write Cycle (5) (6) 


DC and Operating Characteristics (Voc =5 V+10%, T,=0 to +70°C) 


Item Symbol min typ max Unit Test Conditions 
Input Leakage Current Hypa = ue 2 wA Vec=5.5V, VIn = Vgss to Voc 
CS = Vin or OF = Vyy or WE = Vy, 
Output Leakage Current Lol ~ — 10 uA vy jo = Vss to Vcc 
Operating Power Supply Current Ice _ - 100 mA CS= Vir, I1j0 = OmA 
Average Operating Current Icc, = eS 120 mA Min.Cycle,Duty:100%,l1;9=0mA 
ISB - - 30 mA CS= Vin 
Standby Power Supply Current 1 CS2 Vcc - 0.2V 
SB1 E me 10 ae Vin $ 0.2V or Vin 2 Veco - 0.2V 
Output Low Voltage VOL = = 0.4 Vv IoL = 8mA 
Output High Voltage VOH 2.4 — _ Vv Ion = —4mA 
AC Test Conditions 
@ Input pulse levels ........ 0.0... 0c eee Vss to 3.0V 
@ Input and Output reference levels .............. 1.5 V 
@ Input rise and fall time ............. 00.00 aee 4ns 
@ Output Load: See Figure 


Output Load A Output Load B 
touz, twuz, tonz 
tcrz, tow. torz) 
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HM6789H Series 


Capacitance (7, = 25°C, f= 1.0MHz) 


Item Symbol min typ max Unit 
Imput Capacitance CIN _ — 6 pF 
Input/Output Capacitance Cryo _ ~ 10 pF 


Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Vcc=5V+10%, T,=0 to +70°C, unless otherwise noted.) 
Read Cycle 


paar artery tne part te ap 


Test Conditions 
VIN = QV 
Vijo = OV 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ae Syaibel paises aac fess 
min max min max 
Read Cycle Time tre 15 2 20 _ 
Address Access Time tAA — 15 - 20 
Chip Select Access Time tacs = 15 _ 20 
Chip Selection to Output in Low Z tcLz*1 3 _ 3 _ 
Output Enable to Output Valid toE 0 12 0 12 
Output Enable to Output in Low Z toLz*! 3 — 3 _ 
Chip Deselection to Output in High Z tcHz*! 0 6 0 8 
Output Hold from Address Change toH 3 - 3 - 
Write Cycle 
ian Syinbol ee H-15 Se 
min max min max 
Write Cycle Time twc 15 _ 20 _ 
Chip Selection to End of Write tcw 10 _ 15 _ 
Address Setup Time tas 0 — 0 _ 
Address Valid to End of Write taw 10 _ 15 _ 
Write Pulse Width twp 10 _ 15 = 
Write Recovery Time twR 1 _- l ce 
Write to Output in High Z twHz*l 0 6 0 8 
Data Valid to-End of Write tpw 9 — 10 ~ 
Data Hold Time tpH 0 - 0 - 
Output Disable to Output in High Z toHz*1 0 6 0 8 
Output Active from End of Write tow*l 0 - - 


Note) *1. Transition is measured +200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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Timing Waveform 
Read Cycle (1) "' 


tre 
> 





e SS ALLL L 


tt 
= XY am 7777 


menace: A 


Data Out 


VAS 
(== XS 


Read Cycle (2)°1."2.°3 


Address 


Data Out Previous Data Valid 





Read Cycle (3)°1.°3.°4 


Data Out High Impedance 





Notes) *1. WE= Vin 
#2. CS= Vit 
*3. OE= VIL = 
*4. Address valid prior to or coincident with CS transition Low. 
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HM6789H Series 


Write Cycle (1) (OE = H, WE Controlled) 


seremnne ener 
WAN ZZ 77 


. MF 
m=» XXXXXXXOK == XXXKM) 


High Impedance 
Data Out 





Write Cycle (2) (OE = H, CS Controlled) 


z@ \\\\A\AK ALS SLL 


tow 


m=» XXXXXKKK == KKK 


High I 
Data Out SS 
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HM6789H Series 
Write Cycle (3) (OE = Clocked, WE Controlled) 


Address 


ZA ANU 
A {ZIVIT/ 


Dh \\ ce am 


High I 
Data Out co asa 


tow tox 


em siemens meas 
semana). Cece 6 i 


Write Cycle (4) (OE = Clocked, CS Controlled) 





hoes —————eea 
et 

= 77 Tp AUNT 

on on a ome 


a WH IIT 


DW 


Ok == 


High I 
Data Out —— 
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HM6789H Series ————— 


Write Cycle (5) (OE = L, WE Controlled) 


Address 


SYM ZIT? 
as a 


\ ANA NN tts tmpotanee Yn YNZ 
a ae ae A INS 


Data Out 7 ie Sa AS a a ae 


ton 


High Impedance \V/ MeN #5 High Impedance 
Data In : Data Valid 





FJ 


Write Cycle (6) (OE = L, CS Controlled) 


Address 


Data Out aa, 


_aaee a 


ANNAN SY 7700001 


High Impedance 


tow ton 


nae 
ae = XK 


Notes) * 1. 
*2., 


“3, 
*4, 
*5; 


*6. 


148 





A write occurs during the overlap (t wp) of a low CS and a low WE. 

During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 

Data Out is the same phase of write data of this write cycle. 

If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 

If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to 
the outputs must not be applied to them. 

If CS low transition occurs simultaneously with the OF high transition or after the OE transition, output remain 


in high impedance state. 
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HM6789HA Series — es Preliminary 


16384-Word x 4-Bit High Speed Static RAM (with OE) 


@ FEATURES 
e Super Fast 





ACCESS TIME 6 bios canteen eniwaa dn Add. 12/15/20ns (max.) 
OE 6/7/8ns (max.) 
e Low Power Dissipation 
(DC) Operating .......... 0.0.0... ce eee ees 300mW (typ.) 
e +5V Single Supply 
¢ Completely Static Memory (DP-24NC) 


No Clock or Timing Strobe Required 
e Fully TTL Compatible Input and Output 


@ ORDERING INFORMATION 


Access Time 


12ns 
15ns 
20ns 


12ns 
15ns 
20ns 






Package 


300 mil 24 pin 
Plastic DIP 
(DP-24NC) 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 





& 








HM6789HAP- 12 
HM6789HAP- 15 
HM6789HAP-20 


HM6789HAJP-12 
HM6789HAJP-15 
HM6789HAJP-20 








(CP-24D) 










@ PIN ARRANGEMENT 








@ BLOCK DIAGRAM 1 
2 
Aso = —OVoc 3 
Azo Ke —OVgs 4 
Aso ps Row Memory Matrix 
Aso <<] Decoder 128 X 512 : 
Aso 6 
A3 O 7 
8 
9 


>a 

i 

= 

Azo 2 
10,0 bp. 

fie 


Column I/O 





O20 Column Decoder 
0 
i ARRAS 





(Top View) 


we OS 4 
OE aa - a 
—< 
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HM6789HA Series 
@ ABSOLUTE MAXIMUM RATINGS 


Item Rating Unit 
Voltage on Any Pin Relative to Vgs -0.5 to +7.0 V 
Power Dissipation ; WwW 
Operating Temperature Range 0 to +70 °C 
Storage Temperature Range (with bias) -10 to +85 °C 
Storage Temperature Range -55 to +125 eC 


M@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, s 70°C) 


tem 
Supply Volta 

oe 
Input High Voltage 
Input Low Voltage ~3.0 


*Pulse width < 10ns, DC: -0.5V 


— 
© 


Max Unit 
5.5 


ao) 


5.0 


< 


Min. 
4.5 


N e 
tv 
= 


<i1<|< 


@ TRUTH TABLE 


CS Ref. Cycle 

H = 

L = 

L Read Cycle (1) (2) 3) 
L | | Tec Iccr__|__Datain | _ Write Cycle (1) 2) 3) @) 
L = Write Cycle (5) (6) 


lm DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, Vsg = OV) 




















Item Symbol Test Condition Min. | Typ. | Max. | Unit 
Input Leakage Current Voc = 5.5V, Vin = Ves to V 2 A 
Pp g cc IN SS CC b 
CS = Vyyq or OE = Vjy, WE = V 
Output Leakage Current a Te Ne 10 A 
r = Vio = Vss to Vcc i 
Operating Power Supply Current CS = Vy, Ivo, = OmA | — | — | 100 | mA 
Average Operating Current I Min. Cycle, Duty: 100%, Iyjo = OmA 1220 | mA 
CCl I/O 
CS = Vin Pa Ree eS 
Standby Power Supply Current CS = Vcc - 0.2V 
10 mA 
VIN =< 0.2V or VIN = Vcc -~0.2V 
Output High Voltage [Vou [lon=-4maSSSC~i AP | | 


@ AC TEST CONDITIONS 


¢ Input Pulse Levels: Vg to 3.0V 
¢ Input and Output Reference Levels: 1.5V 


+ 200mV from steady level (Output Load B) 


+5 V 
4800 


30 pF * 


Output Load A 


¢ Input Rise and Fall Time: 4ns 
© Output Load: See Figure 


+5 V 


2550 S pF" 


Output Load B 





*Including scope and jig capacitance. 


(for toyz, teiz> tonz> toLz, twz & tow) 
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HM6789HA Series 


@ TIMING WAVEFORM 
e Read Cycle (1) (1) 





_ 
XD 
| 


Address 


9 SSS AAG eee 
» ssh | dee 


| sitacs <= 183. baton 
| ltaez 


OK bate vais XX 
Data Out High Impedance 2 ata Valid ee 


¢ Read Cycle (2) (1) 2) 3) 


| _ 
we) 
ii 


Address 


taa toH 


Data Out Previous Data Valid XXXX > Data Valid x x | 


} 


¢ Read Cycle (3) (1) (8) (4) 


CS 





Data Out 


NOTES: 1. WE = Vin 
2.CS = VIL 
3. OE = VIL 
4. Address valid prior to or coincident with CS transition low. 
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HM6789HA Series 
M@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 


tem Symbo Cn 
Taput Capacitance a a 
InputOutput Capacitance | Cyo | Vyo= OV | — | — | [pr 
NOTE: This parameter is sampled and not 100% tested. 
@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.) 


e Read Cycle 


i HM6789HA-12 | HM6789HA-15 | HM6789HA-20 eee 
Min Max. 
Read Cyele Time ee a ee ee ee ee 
Adress Access Time eS = 
Chip Select Acces Time i a 7 Dn 
Chip Selection to Output inLowZ | tarz | 3 {| — | 5 | — | 5 | — | ns | 1,2 
Output Enable to Output Valid tor yO. de 6 PO 4, Oe Be ng. I 
Output Enable to Output in Low Z Poi toe a ee ae ng. | er 
Chip Deselection to Output in High Z | tcyz | 0 | 6 | 0 | 6 | O { 8 | os | 1,2 
Output Hold from Address Change | ton | 4 | — | 4 | — [| 4 [| = [os | — 
e Write Cycle 
MO7SOHA-1 | 
ae Min. | Max. | Min. | Max. | Min. | Max. pena 
Write Cyele Time lige a eo Oe 
Chip Selection to End of Write tw | 8s {| — | © | —~ | 6 | — | om | — 
Address Setup Time ee 
Address Valid to End of Write | tw {| 8 {| — | © | — | 6 | — | os | _— 
Wirite Pulse Wid ee ea a 
Write Recovery Time oe Se ee ee ee 
Write to Output in High Z Twas | o fe | o | 6 | o | 8 [os | 22 
Data Valid to End of Write tpw | 6 | — | 7 | — | 10 | — | ns | — 
Data Hold Time nee ee ee ot 
Oupubiablew Oummintinz lia |.) ee | ee 
Output Active from End of Write | tw | 3 | — | 3 | — | 3 | — | ns | 1,2 


NOTES: _ 1. Transition is measured +200mV from steady state voltage with Load B. 
2. This parameter is sampled and not 100% tested. 
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HM6789HA Series 


e Write Cycle (1) (OE = H, WE Controlled) 


twe 





hte — 
Ss WO YLLLZZ 


VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAW, VY VY VY 
Datain = XXXXXKAAAKAKAAAAD KAKA 


High Impedance 
Data Out 


¢ Write Cycle (2) (OE = H, CS Controlled) 








a — ae 
FE LR WILE 


Datain  XXXXXXKKAKA > K—aaves > OOK KY 
High Impedance 
Data Out 
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HM6789HA Series 
¢ Write Cycle (3) (OE = Clocked, WE Controlled) 


twc 


Address 


OE ~~ 
ae 


aes 


WE 
Data Out High Impedance 


you Impedance 


| 


Data In 


¢ Write Cycle (4) (OE = Clocked, CS Controlled) 


twco 


Address 


= ZI —a 


WE == 
ee 
Data In XK Datavaid RX) 


High Impedance 
Data Out 
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HM6789HA Series 


e Write Cycle (5) (OE = L, WE Controlled) 


Address 


Data cut >>> >>>» — —Ka> XXX 


Data In 


tw 


ee 


————— 
IN a 


tWHZ | (2) toH 


i aad 
High Impedance NY, ; NIX (5) High Impedance 
CK DataValid >> 
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HM6789HA Series 


¢ Write Cycle (6) (OE = L, CS Controlled) 


Address 


Data Out 


Data In 


NOTES: 


156 





SSS 77 Se 7 EL, 
o> High Impedance 


tpw | toy 


ov ipeseree _¢¥ bua vats XXXXXNKX 


. A write occurs during the overlap (twp) of a low CS and a low WE. 
. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 


be applied. 


. Dout 1s the same phase of write data of this write cycle. 
4. If the CS low transition occurs after the WE low transition, output remain in a high impedance state. 
. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 


outputs must not be applied to them. 


. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 


high impedance state. 
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HM628 7 Series Maintenance Only 


65536-word x 1-bit High Speed CMOS Static RAM 





FEATURES 
High Speed: Fast Access Time 45/55/70ns (max.) 
Single 5V Supply and High Density 22 Pin Package 
Low Power Standby and Low Power Operation 
Standby: 100uW (typ.)/10uW (typ.) (L-version) 
Operation: 300mW (typ.) 
@ Completely Static Memory 

No Clock or Timing Strobe Required 
@ Equal Access and Cycle Times 
@ Directly TTL Compatible: All Inputs and Output 
@ Capability of Battery Back Up Operation (L-version) 





(DP-22N) 


@ PIN ARRANGEMENT 
# ORDERING INFORMATION 


Access Time 
















Package 





HM6287P-45 
HM6287P-55 
HM6287P-70 


HM6287LP-45 
HM6287LP-5S5 
HM6287LP-70 








300 mil 22 pin 
Plastic DIP 







# BLOCK DIAGRAM 





nates (Top View) 


«— Vss 






Memory Array 






128 x 512 






1/0 


APlmneape WON ON 


Column 





NOTE: Not for new designs. 
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HM6287 Series 


# TRUTH TABLE 
cS 


= ABSOLUTE MAXIMUM RATINGS 


Item Rating Unit 
Voltage on Any Pin Relative to Vss ~0.5"! to +7.0 V 
Power Dissipation 
Operating Temperature 0 to +70 °C 
Storage Temperature —55 to +125 “C 
Temperature Under Bias —10 to +85 °C 


Note) *1. -3.5V for pulse width S 20ns 


= 


= RECOMMENDED DC OPERATING CONDITIONS (72 = 0 to +70°C) 


ae el v 
Supply Voltage 
Vss ee 


| S80 
a i en eee 
ee ee 
Note) *1. —3.0V for pulse width S 20ns 
=» DC AND OPERATING CHARACTERISTICS (Vcc = 5V +t 10%, Voss = OV, Ta 


Item Test Conditions 
Input Leakage Current Pturt | Veo=55V.Vin=VsstoVec 


Output Leakage Current CS = Vin, Vout = Vss to Vcc 


Operating Power Supply Current CS = Viz, Jout = OMA, min. cycle 


é CS 2 Voc-0.2V, 
SB1 OV S$ Vj $0.2V or Voc - 0.2V S$ Vin 


7 
Output Voltage ce = 
Ton = —4.0mA 2.4 


Notes) *1. Typical limits are at Vcc = 5.0V, Tg = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 


Input Voltage 


0 to +70°C) 
Unit 


‘= 
> 


= 
rs 
& 
= 
mini rh 
BlSieie 
er 
> 


FISI3S(3 
<|<|> (5/515 


Oo] 
NS) 

NY | w 
Bl 





Standby Power Supply Current 


Ww 
* 
nN 
—_ 
a) 
—) 
* 
wn 


= CAPACITANCE (f= 1MHz, 7, =25°C) 


Cin 











Input Capacitance 
Output Capacitance 
Note) This parameter is sampled and not 100% tested. 
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HM6287 Series 


m AC CHARACTERISTICS (Vcc = SV +10%, Tg = 0 to +70°C, unless otherwise noted) 


@ AC TEST CONDITIONS 
Input Pulse Levels: Vos to 3.0V 
Input Rise and Fal! Times: 5ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: See Figure 





Output Load A Output Load B 
5V 
5V 

4802 4802 

Dout Dout . 

* 5pF 

2552 
2552 s0pF 

Wincluding scope & j1g capacitance * Including scope & j1g capacitance 


@ READ CYCLE 


Address Access Time O77 ae ae ee 

Chip Select Access Time rtacs| - [4s] - | ss | - | | ms | 
Output Hold from Address Change tOH | 5 | - | § | = { 5 | - [| ms | 

Chip Selection to Output inLowZ | tz | 5 | —~ 1.5 |.- 15 | - | ms 1237 
Chip Deselection to Output in High 2 | tuz | oO | 30 | o {[ 30 | oO | 30 | ns | 2;3;57 
Chip Selection to Power Up Time tPU | of} = | of - | 0 | = [| os | 7 
Chip Deselection to Power Down Time tPp fF — {| 40 | - | 40 | - | 40 | ns | 7 


ERO 


Address 


Dout 





Dout 


High Impedance 


tre 


Vcc supply 
current 





Isp 
All Read Cycle timings are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, ty7z max. is less than ty Z min. both for a given device 
and from device to device. 
Transition 1s measured +500 mV from steady state voltage with specified loading in Load B. 
WE is high for READ Cycle. ae 
Device is continuously selected, while CS = Vyz,. 
Address valid prior to or coincident with CS transition low. 
This parameter is sampled and not 100% tested. 
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cout 
. 


Notes: 


HM6287 Series 


@ WRITE CYCLE 


ae HM6 287-45 | HM6287-55 | HM6287-70 sees 
Wine Gye Tia we | 4s | - | ss] - || - | = | 2 
Chip Selection to End of Write _tcw | 40 | - | 50 | om ae ae oe 
Address Valid to End of Write taw | 40 | -— | 50 pes 
Address Setup Time Me One a Oe 
Write Pulse Width ewe | 25 | - | 35 | - | 40 | - | mm 
Write Recovery Time we | o|-|o]-| 0), - | | 
Data Valid to End of Write iw {2s | - | 2s | - | 30 | - | ms 
Data Hold Time Tiow | of -foef-fel-| = 
Write Enabled to Output in High Z twz | Oo | 25 | oO | 25 | O | 30 | 3,4 
Output Active from End of Write | tow | 0 | - | 0 et 3,4 


@ Timing Waveform of Write Cycle No. 1 (WE Controlled) 


tuc 


> | feces 
tas ia {wr 
tuy 
WE \\ \¥ ud 
tp 
Di a rar? 


ig ton 
High Impedance 
nou Data Undefined 


@ Timing Waveform of Write Cycle No. 1 (CS Controlled) 


Address 





\ 4 


tox 


Din ae ‘Data in Valid 


—~tWZ 


H 
pone Data Undefined ign smipedance 


If CS goes high Simultaneously with WE high, the output remains in a high impedance state. 

All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
Transition is measured +500mV from steady state voltage with specified loading in Load B. 

This parameter is sampled and not 100% tested. 


Notes) 


eye 
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HM6287 Series 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C) 


This characteristics is guaranteed only for L-version. 


Vcc for Data Retention CS 2 Vcc - Fo - [| 
ee 
el 

'R 





wad 

Vin = VCc-9.2V or 

Data Retention Current ICCDR ove EyES 0.2V 
Chip Deselect to Data Retention Time tCDR | See retention wave- ns 


ae eee 
Operation Recovery Time | tR | form f trot | - | - | ns 


Note) *1. tro = Read Cycle Time 
*2. Voc= 3.0V 


@ LOW Vcc DATA RETENTION WAVEFORM 





Data Retenuon Mode 





CS2Vcc -0 2V 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 





= m 
os 
| 
: 
a S 
9 i 
- 8 
é r= 
5 E 
io) 3 
se 1S) 
= z= 
a 5 
77) 

Supply Voltage Veco (V) Ambient Temperature Ta (°C) 
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HM6287 Series 


ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE 


Access Time tag, tacs (Normalized ) 
Access Time tag, tacs (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
STANDBY CURRENT vs. STANDBY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 








q z 
a “a 
E E 
é z 
a a 
— ws 
Fs 5 
E E 
: : 
7 E 
FE Z 
Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
SUPPLY CURRENT vs. STANDBY CURRENT vs. 
FREQUENCY INPUT VOLTAGE 
T (ns) 
Ll 200 100 66 50 40 
~ 10 = 
i E 
é 0.9 3 
8 A 
2 08 7 
= r= 
: E 
oO O 
2 0.7 > 
A 2 
0.6 
= 0 5 10 15 20 25 
Frequency f (MHz) Input Voltage V;x (V) 
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Input Low Voltage V;, (Normalized ) 


Output High Current Io (Normalized ) 











HM6287 Series 


INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 





z 

Zz 

= 

i 

S 

.) 

= 

Supply Voltage Vcc (V) Supply Voltage Vcc (V) 

OUTPUT HIGH CURRENT vs. OUTPUT LOW CURRENT vs. 
OUTPUT HIGH VOLTAGE OUTPUT LOW VOLTAGE 


Output Low Current Io, (Normalized) 





Output High Voltage Vow (V) Output Low Voltage Voz, (V) 
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HM6287H Series 
65536-Word x 1-Bit High Speed CMOS Static RAM 


The Hitachi HM6287H is a high speed 64K static RAM organized HM6287HP Series 
as 64-kword x 1-bit. It realizes high speed access time (25/35 ns) and 
low power consumption, employing CMOS process technology and 
high speed circuit designing technology. It is most advantageous for 
the field where high speed and high density memory is required, 
such as the cache memory for main frame or 32-bit MPU. The 
HM6287H packaged in a 300-mil plastic DIP and SOM, is available 
for high density mounting. 

Low power version retains the data with battery back up. 


(DP-22NB) 


HM6287HJP Seri 
Features as 


¢ Single 5 V supply and high density 22-pin DIP and 24-pin SOJ 
* Highspeed: Fast access time 25/35 ns (max) 
e Low power 
Operation: 300 mW (typ) 
Standby: 100 pW (typ) 
* Completely static memory 
No clock or timing strobe required 
¢ Equal access and cycle times 
¢ Directly TTL compatible: All inputs and outputs 





(CP-24D) 


Pin Arrangement Pin Description 

HM6287HP Series HM6287HIP Series Pin Name Function 
AO —- A115 Address 
Din Input 
Dout Output 
CS Chip select 
WE Write enable 
Vcc Power supply 
Vss Ground 





(Top View) (Top View) 


Ordering Information 


Type No. Access Time Package 
HM6287HP-25 25 ns 300-mil 
HM6287HP-35 35 ns 22-pin 
HM6287HLP-25 25 ns plastic DIP 
HM6287HLP-35 35 ns (DP-22NB) 
HM6287HIP-25 25 ns 
HM6287HIP-35 35 ns 300-mil 
HM6287HLIP-25 25 ns 24-pin SOJ 
HM6287HLIP-35 35 ns (CP-24D) 
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Block diagram 


Memory Array 
128X512 


Column 1/0 


Column Decoder 


A7 A8& ASQ A10 All Al2 A13 Al4 A15 





HM6287H Series 





Function Table 


CS WE Mode Vcc Current Dout Pin 
H x Standby Isp, Ispi High-Z 
i H Read Icc Dout 
L L Write Icc High-Z 
Note: x:HorL 


Absolute Maximum Ratings 


Write cycle 1, 2 


Ref. Cycle 


Read cycle 1, 2 


Item Symbol Value Unit 
Voltage on any pin relative to Vss Vr —0.5"! to +7.0 V 
Power dissipation Pr 1.0 Ww 
Operating temperature Topr 0 to +70 aC 
Storage temperature Tstg ~55 to +125 °C 
Storage temperature under bias Tbias —10 to +85 °C 
Note: *1. Vr min =-2.0 V for pulse width < 10 ns 
Recommended DC Operating Conditions (Ta = 0 to + 70°C) 
Item Symbol Min Typ Max Unit 
Supply voltage Vcc 4.5 5.0 a5 Vv 
Vss 0 0 0 V 
Input high (logic 1) voltage Vin yao ~— 6.0 V 
Input low (logic 0) voltage Vit -0.5"! — 0.8 V 
Note: *1. Vi_min =-2.0 V for pulse width < 10 ns 
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HM6287H Series 


DC Characteristics ( Ta = 0 to +70°C, Vcc = 5 V+ 10%, Vss=0 V) 





Item Symbol Min Typ"! Max Unit 
Input leakage current | Tur | — — 2.0 pA 
Output leakage current IIo | — — 2.0 pA 
Operating Vcc current Icc — 60 120 mA 
Standby Vcc current Isp — 15 30 mA 
— 0.02 2.0 mA 
Standby Vcc current (1) Isp1 é 
ee: 0,02"* Or" mA 
Be a ees ea oe 
Eat op ee ee ee ee 
Notes: *1. Typical limits are at Vcc = 5.0 V, Ta = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
Capacitance ( Ta = 25°C, f= 1.0 MHz)" 
Tem Symibat Min Typ Max Uni 
Input capacitance Cin oe — 6 ____pF 
Output capacitance Cout — — 8 pF 








Note: *1. This parameter is sampled and not 100% tested. 


Test Conditions 
Vcc = Max 

Vin = Vss to Vcc 
CS = Vai 


Vyo = Vss to Vcc 


AC Characteristics ( Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted. ) 


Test Conditions 
¢ Input pulse levels: Vss to 3.0V 
¢ Input rise and fall times: 5 ns 


Output Load (A) 


+5V 
480Q 


2550 30pF # 





Note: 





Including scope & jig 


166 


Output Load (B) = (for tz, 
+5\ 
4#0Q 
Deut 
2559 il 
HITACHI 


CS = Vi 


Iout=0mA, min cycle 


CS = Vm, min cycle 
CS > Vcc - 0.2 V 





0V < Vin< 0.2V or 


Jou = 4.0 mA | 


~ Test Conditions 


__Vin=0Vo 
Vout=0V 


¢ Input and Output timing reference levels: 1.5 V 


¢ Output load: See figures 


Lz, twz & tow) | 
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HM6287H Series 





Read Cycle 
ae Symbol HM6287H-25 HM6287H-35 ee 
Min Max Min Max 
Read cycle time tRc 25 ~— 35 — ns 
Address access time tAA — 25 a 35 ns 
Chip select access time tAcs — 25 — 35 ns 
Output hold from address change toH 3 — 5 — ns 
Chip selection to output in low-Z uz"! 5 — 5 — ns 
Chip deselection to output in high-Z tuz"! 0 12 0 20 ns 
Chip selection to power up time tPu 0 —- 0 —- ns 
Chip deselection to power down time tPD — 25 — 30 ns 


Read Timing Waveform (1) * :°> 
Address 


Dut Brevi CX XK me KX 


Read Timing Waveform (2)*? “4 


High 
Impedance 


Vee Supply Current 





Notes: *1. Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100 % tested. 
*2. WE is high for read cycle. 
*3. Device is continuously selected, CS = VL. 
*4. Address valid prior to or coincident with CS transition low. 
*5. All read cycle timing are referenced from last valid address to the first transitioning address. 
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HM6287H Series 


Write Cycle 
Item Symbol HM6287H-25 HM6287H-35 Unit 
Min Max Min Max 
Write cycle time twc 25 — 35 — ns 
Chip selection to end of write tcw 20 —— 30 — ns 
Address valid to end of write LAW 20 — 30 — ns 
Address setup time tas 0 — 0 —— ns 
Write pulse width twp 20 — 30 — ns 
Write recovery time twR 0 — 0 — ns 
Data valid to end of write tow 15 a 20 — ns 
Data hold time tH 0 — 0 — ns 
Write enabled to output in high-Z twz"! 0 8 0 10 ns 
Output active from end of write tow"! 5 — 5 — ns 
Write Timing Waveform (1) (WE controlled) 
twe 





Address 


es WR 777777 
De ee 
a 


“ SS eee, 
on XXKXKKKK SOOLD SEED CONCEOCCS 


5 


LNL° 










Dout Leff ff fpf fens High Impedance LT INZZ 
So Ny LN DANA 
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HM6287H Series 


Write Timing Waveform (2) (CS Controlled) 





two 


tas 
tow 


: ey 
Me Ne 


tow ton 
ED COCCCCUCCOCS GRILLED 300000 


os 
Dout High Impedance 


Notes: *1. Transition is measured £200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
*2. A write occurs during the overlap of a low CS and a low WE. (twr) 
*3. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
*4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 
in a high impedance state. 
*5. Dout is the same phase of write data of this write cycle, if twr is long enough. 


Low Vcc Data Retention Characteristics ( Ta = 0 to +70°C ) 
(This specification is guaranteed only for L-version.) 


Item Symbol Min Typ Max Unit Test Condition 
Vcc for data retention Vpr 2.0 — — V CS > Vcc - 0.2 V 
Data retention current Iccpr — _ 50°? pA Vin 2 Vcc — 0.2 V or 
35°° OV<Vin<0.2 V 
Chip deselect to data retention time _tcDR 0 — — ns 
Operation recoverytime. Rel SOC~CST SSS See retention waveform 
Notes: *1. trc = Read cycle time 
*2. Vcc = 3.0 V 
*3. Vcc =2.0 V 


Low Vcc Data Retention Timing Waveform 


Data Retention Mode 


CS2Vor—0.2V 
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HM6287H Series 


Supply Current vs. Supply Voltage Supply Current vs. Ambient Temperature 


Supply Current Icc (Normalized) 
Supply Current Icc (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


Access Time vs. Supply Voltage Access Time vs. Load Capacitance 





Access Time taa, tacs (Normalized) 
Access Time taa, tacs (Normalized) 





07 —— - —- 
45 475 50 5 25 55 
Supply Voltage Vcc (V) Load Capacitance C1. (pF) 
Access Time vs. Ambient Temperature Supply Current vs. Frequency 


100-50 33 25 20 T (ns) 





Access Time taa, tacs (Normalized) 
Supply Current Icc (Normalized) 





Ambient Temperature Ta (°C) Frequency f (MHz) 
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Output High Current Ion (Normalized) Input Low Voltage Viz (Normalized) 


Standby Current Iccor (Normalized) 





Input Low Voltage vs. Supply Voltage 








HM6287H Series 


input High Voltage vs. Supply Voltage 





Input High Voltage Vai (Normalized) 





45 4.75 5.0 5.25 5.5 rr 75 5.0 5.25 5.5 


Supply Voltage Vcc (V) 


Output Current vs. Output Voltage (1) 





Output High Voltage Vou (V) 


Standby Current vs. Ambient Tempera 





Ambient Temperature Ta (°C) 


vd 
Hitachi America, Ltd. ¢ Hitachi Plaza e 20 


Supply Voltage Vcc (V) 


Output Current vs. Output Voltage (2) 


Output Low Current Io: (Normalized) 





Output Low Voltage Vor (V) 


ture Standby Current vs. Supply Voltage 


Standby Current Isai (Normalized) 





Supply Voltage Vcc (V) 
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HM6287H Series 


Standby Current vs. Input Voltage 


Standby Current Iss: (Normalized) 





Input Voltage Vin (V) 
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HMG787 Series Maintenance Only 


65536-word x 1-bit High Speed Hi-BiCMOS Static RAM 


HM6787P Series 





® FEATURES 

Super Fast Access Time: 25ns/30ns (max.) 

@ Low Power Dissipation (DC): 
Operating 180mW (typ) 

@ High Driving Capability: Io, 16mA 

@ +5V Single Supply 

@ Completely Static Memory (DP-22NB) 
No Clock or Timing Strobe Required 

@ Balanced Read and Write Cycle Time 

@ Fully TTL Compatible Input and Output 

@® Skinny 22-pin Plastic Dip (300 mil) and 22-pin Chip Carrier 





# ORDERING INFORMATION 


Access Time 


25ns 
30ns 


= BLOCK DIAGRAM 















Package 


300 mil 22 pin 
Plastic DIP 









HM6787P-25 
HM6787P-30 


# PIN ARRANGEMENT 
@ HM6787P Series 


Paces, © 3 Vee 





—O Vss 






Al4o— 

AQ o Memory Matrix 
x 

A10°— 128X512 












Column 1/0 7-0 Dout 


AVLAGAUAUAUALAL 


[PR TR IV IVA 
CS AG AT A8 A2 A3 A4 AS AO Al 















(Top View) 


sABSOLUTE MAXIMUM RATINGS 
item [Symbol [Rating [Uni 


Terminal Voltage to Vsg Pin -0.5 to +7.0 V 
Power Disiation i a a 
Operating Temperature Range °C 
Storage Temperature Range -55 to +125 °C 
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HM6787 Series 


s TRUTH TABLE 


Sal ee oe eR eee ee Dow 
=» RECOMMENDED DC OPERATING CONDITIONS (0°C S$ 7a € 70°C) 
Supply Vol 
ean ae ee ee Oe ee ee ee 
Note) *1. ~3.0V for pulse width S 20ns. 
= DC AND OPERATING CHARACTERISTICS (Vcc = 5V+10%, T, =0°C to +70°C) 


Output Leakage Current lIzol S=Vir, Vour= Vss to Veco 


Vit, fouT=OMA 


Input Leakage Current Voc=5.5V, Vin=Vgs to Vcc 


all Gl 
~” 
il Lf 


Operating Power Supply Current | Ico 


S. 
Standby Power Supply Current 


gi 
~A 
TVA 
S 
Q 
Q 

| 

o 

NS) 

< 


Isp 


2Vec-0.2V 


—_ 
a 
ae 
_ {lA 
alo 
nN 
aa 
2 
= 


Output Low Voltage VoL 
Output High Voltage Vou Ton= —4mA 


taney 
b& 
Al 
Dn 
~ 
— 
= 

pay 

| & 


@ AC TEST CONDITIONS 
Input pulse levels: Vss to 3.0V +5V 


Input timing reference levels: 1.5V 
Output reference levels: 1.5V 480 Q 
Output load: See Figure 


Dout 


Dout 
255 2 30pF * 
255 Q 


* Including scope and jig. 
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Out put Load A Out put Load B 


480 2 


5pF * 
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Unit 


(for tuz, itz, twz & tow) 
Input rise and fall times: 4ns +5V 








HM6787 Series 


Note) This parameter is sampled and not 100% tested. 





w AC CHARACTERISTICS (Vcc = 5V+10%, Tz =0°C to 70°C, unless otherwise noted.) 
@® READ CYCLE 


HM6787-25 HM6787-30 : 
Unit Notes 


= ee 
Addiess Access Time 7 a (ee 
Chip Select Access Time Tacs | - | 2s | - [30 [| 1s | 
Output Hold from Address Change ton ~—o| OS CE OC TS ts 
Chip Selection to Output in Low Z thz ee ee ee eee ys 
Chip Deselection to Output in High Z ee ee ee ce ee 1,2 
Chip Selection to Power Up Time tPU ee ee ee ee ee ee 2 
Chip Deselection to Power Down Time tPp ee ee Z 
Input Voltage Rise/Fall Time ltr =| 150 | = 150 | ons | 3 

Notes) 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
2. This parameter is sampled and not 100% tested. 
3. If t7 becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi’s Sale Dept. regarding specification. 
@ WRITE CYCLE 

Write Cycle Time two | 25 | - | 30 | - [| ms | 2 
Chip Selection to End of Write | tcw | 20 | - | 2 | - | ns | 
Address Valid to End of Write | taw | 20 [| - | 25 {| - | ns | 
Address Setup Time us |o | - {| o | - | 
Write Pulse Width we | 0 [| sf os 
Write Recovery Time wr [sf fs f= [os 
Data Valid to End of Write pw [2 | - | s [- [= | 
Data Hold Time oe f= fe 
Write Enable to Output in High Z | twz [| oO | 15 | O | 15 | ns | 3,4 
Output Active from End of Write | tow {| 9 [| - | 0 | - | ns | 3,4 


Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6787 Series 


@ TIMING WAVEFORM OF READ CYCLE NO. 12): 2) 


Address 


~ 
a 
Q 


tAA 


Data Out Previous Data Valid Y x ) Data Valid 
XX 


@ TIMING WAVEFORM OF READ CYCLE NO. 2?): 9) 






tRC 
i ae 
ae . 
High Impedance Lo! ¥ eo High Impedance 
Data Out = : ) & () Data Valid e 
tPD 
Vcc Supply ~------------ 

Icc 

50% 50% 
IsB 

Current 


Note: 1. WE is high and CS is low for READ cycle. _ 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6787 Series 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED) 


> 
< \\K ASV S/ 
=~, 
NL 
me <ae 


Data Undefined 
High Impedance 


Note: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED) 


Meow XS 


twP 
WE EAA On 07070747, 
& / 
Data In @ Data In Valid 
twz 
Data Out Data Undefined 


High Impedance 


Note: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HMG78S7H Series 
65536-word x 1-bit High Speed Hi-BiCMOS Static RAM 


Features 
@ Super Fast Access Time: 15ns/20ns (max.) 
@ Low Power Dissipation (DC): 
Operating 210mW (typ) 
@ +5V Single Supply 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
@ Balanced Read and Write Cycle Time 
@ Fully TTL Compatible Input and Output 


Ordering Information 


Type No. Access Time Package 
HM6787HP-15 15ns 300 mil 22 pin 
HM6787HP-20 20ns Plastic DIP 
HM6787HJP-15 15ns 300 mil 24 pin 
HM6787HJP-20 20ns Plastic SOJ 

Block Diagram 













A, Vcc 
A, —o 
Ag Memory Matrix Vss 









we 


128X512 






a 


> > > > 


» 





oe oe ae en 
Column I/O 
Column Decoder 
CT UT Ul Ud Ud 













Ai2 Ay, AyoAy AigAys A, Ay Ai; 


Sia) 2 





Top View 
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| HM6787HP Series 








(DP-22NB) 







HM6787HJP Series 





(CP-24D) 


Note) The specifications of this device 
are subject to change without 
notice. 

Please contact Hitachi’s Sales 
Dept. regarding specifications. 








HM6787H Series 


Absolute Maximum Ratings 





Item Symbol Rating Unit 
Terminal Voltage to Vg Pin VT -0.5 to +7.0 V 
Power Dissipation PT 1.0 WwW 
Operating Temperature Range Topr 0 to +70 °C 
Storage Temperature Range T stg ~55 to +125 C 
Temperature under Bias T bias —10 to +85 “C 


Function Table 





Cs WE Mode Voc Current Output Pin 
H X Not Selected Isp,fgp1 High Z 
L H Read ae ae Dout 
L L Write lnciiaes High Z 


Recommended DC Operating Conditions (0°C S Ta $ 70°C) 














Item Symbol min. typ. max. Unit 
Siecle Voc 4.5 5.0 5.5 Vv 
Vss 0 0 0 
Input High Voltage Ving 2.2 _ 6.0 Vv 
Input Low Voltage Vin -0.5*1 = 0.8 Vv 





Note) *1. -—3.0V for pulse width S 10ns, 


DC and Operating Characteristics (Voc = 5V+10%, Tz =0°C to +70°C) 


Item Symbol min. typ. max. Unit Test Conditions 

Input Leakage Current rina _ - 2 pA Voco=5.5V, Vin=Vss to Veco 
Output Leakage Current rol - = 10 pA CS=Viy, Vour= Vss to Veco 
Operating Power Supply Current Joc - = 100 mA CS=V;z,,[oy7r=0mA 
Average Operating Current Ioc1 _ — 120 mA _ Min. Cycle, Duty: 100% Igy7=0mA 

IsB ~ > 30 MA OSV 
Standby Power Supply Current CS2V cc -0.2V 

IsB1 - -=- 10 mA 

Vin £0.2V or Vin 2V ec -0.2V 
Output Low Voltage VoL - - 0.4 VV TIo,= 8mA 
Output High Voltage Vou 24 - _ VTIoy=-4mA 
@ HITACHI 
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HM6787H Series 


AC Test Conditions 
Output Load A Output Load B 
Input pulse levels: Vss to 3.0V +5V (for twz, tz, twz & tow) 
Input rise and fall times: 4ns +5V 


Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 


* Including scope and jig. 





Capacitance (7, = 25°C, f= 1.0MHz) 








Item Symbol max. Unit Conditions 
Input Capacitance CIN 6.0 pF Vin = OV 
Output Capacitance Cour 10.0 pF Vour=0V 





Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Vcc = SVt10%, Tg =0°C to 70°C, unless otherwise noted.) 
































Read Cycle 
ces Symbol HMGISIIETS Moise? 23, nit aes 
min. max. min. max. - 

Read Cycle Time tRC 15 _ 20 ~ ns 

Address Access Time tAA _ 15 _ 20 ns 

Chip Select Access Time tacs _ 15 — 20 ns 

Output Hold from Address Change tOH 3 _ 3 _ ns 

Chip Selection to Output in Low Z trz 3 _ 3 _ ns 1,2 
Chip Deselection to Output in High Z tHz 0 0 8 ns 1,2 

Note: 1. This parameter is sampled and 100% tested. 
2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
Write Cycle 
Item Symbol so ee each Unit Notes 
min. max. min. max, 

Write Cycle Time two 15 ~ 20 - ns 2 
Chip Selection to End of Write tcw 10 - 15 - ns 

Address Valid to End of Write tAw 10 = 15 - ns 

Address Setup Time tas 0 — 0 - ns 

Write Pulse Width twp 10 - 15 ~ ns 

Write Recovery Time twR 3 - 3 - ns 

Data Valid to End of Write tpw 12 = 15 - ns 

Data Hold Time tDH 0 - 0 - ns 

Write Enable to Output in High Z twz 0 6 0 8 ns 3,4 
Output Active from End of Write tow 0 - 0 - ns 3,4 





Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6787H Series 


Timing Waveform of Read Cycle No. 12) 2) 





Address 


Data Out Previous Data Valid Data Valid 












High Impedance High Impedance 





Data Out 





Data Valid 


Note: 1. WE is high and CS is low for READ cycle. __ 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6787H Series 


Timing Waveform of Write Cycle No. 1 (WE Controlled) 


QQ TT 
" oa 


Data In C Data In Valid <—ae 


High Impedance 


Data Out Data Undefined 


Note: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 


Timing Waveform of Write Cycle No. 2 (CS Controlled) 


tou 


oa 


m= VVNVNNY KZ 
bo ie 


Data In Data In Valid 


tw2Z 


Data Out Data Undefined 
High Impedance 


Note: 1. Transition is measured +200mvV from steady state voltage with specified loading in Load B. 
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H M6787HA Se ries — Preliminary 


65536-Word x 1-Bit High Speed Static RAM 


@ FEATURES 
e Super Fast 

ACCESS TiM@sc 3 cis soda we ee 28 ad ton 12/15/20ns (max.) 
e Low Power Dissipation 

(DG) OPGratinG s: e:.a.wies aw eee eer ed ees ceaee 300mW (typ.) 


e +5V Single Supply 
¢ Completely Static Memory 

No Clock or Timing Strobe Required 
e Fully TTL Compatible Input and Output 


@ ORDERING INFORMATION 


Access Time 


12ns 
15ns 
20ns 


12ns 
1Sns 
20ns 









Package 


300 mil 22 pin 
Plastic DIP 
(DP-22NB) 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 





HM6787HAP-12 
HM6787HAP- 15 
HM6787HAP-20 


HM6787HAJP-12 
HM6787HAJP-15 
HM6787HAJP-20 














@ BLOCK DIAGRAM 


——0 Vgg 


Row Memory Matnx 
Decoder 256x1024 


ee eg aa re te 
| coum 
Column VO 
AGReharannangs 
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Dout 
oe 





(DP-22NB) 






(CP-24D) 


@ PIN ARRANGEMENT 
HM6787HAP Series 


1 
2 
3 
4 
5 
6 
7 
8 
9 





(Top View) 
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HM6787HA Series 
@ ABSOLUTE MAXIMUM RATINGS 


Item 
Voltage on Any Pin Relative to Vsg 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Temperature Under Bias 


Symbol 
-0.5 to +7.0 


mJ 


| 
5 
ga 


0 to +70 
-55 to +125 
-10 to +85 


opr 
stg 


Tpias 


m@ RECOMMENDED DC OPERATING CONDITIONS (0°C s T, < 70°C) 


Unit 


we & 
°C 


fem [Symbot [ Min. | Typ. | Max. [Uni 
ea v 
[vss [00 [00 [00 |v 
Input High Voltage | Vin | 22 | = | 60 | V 
Input Low Voltage Vin | -3.0* | — | 08 | V 
*Pulse width < 10ns, DC: -0.5V 
@ TRUTH TABLE 
S Output Fin 
i High Z 
ee ea ae Read Data Out 
L Write High Z 
@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, Vsg = OV) 
tem [Symbol] Test Condition | Min. | Typ. | Max. | Uni 
Input Leakage Current nil =| Vee = 5.5V, Vin = Vss to Voc | — | — | 2 | pA 
Output Leakage Current | Tol [CS = Vin, Vour = Vsst0 Voc | — | — | 10 | 4A 
Operating Power Supply Current Icc CS = Vx, IouTr = OmMA | — | — | 100 | mA 
Average Operating Current Min. Cycle Duty: 100%, Inyy = OmA | — | — | 120 | mA 
tgp | CS = Vin [==] 30 [ma 
Standby Power Supply Current CS = Vec - 0.2V 
Vin < 0.2V or Vin = Voc -0.2V p= | - fo me 
Output Low Voluage Vo lin =8maSSCSC*~—C—sSs SP = 
Output High Voltage Vou [on =-4ma_—SSsS—~—~—t nw PT — [| — | 


m@ AC TEST CONDITIONS 


e Input Pulse Levels: Vgg to 3.0V 
¢ Input Timing Reference Levels: 1.5V 
¢ Output Load: See Figure 


+5 V 
4800 


30 pF * 





Output Load A 


*Including scope and jig capacitance. 


© Input Rise and Fall Times: 4ns 
e Output Reference Levels: 1.5V 


+5 V 
4800 


5 pF * 


Output Load B 
(for tyz, ttz, twz & tow) 
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HM6787HA Series 


™ CAPACITANCE (T, = 25°C, f = 1.0MHz) 


fem Symbol Condition 
input Capacitance Gy 60 py = OV 
Output Capacitance oa Vour = OV 


NOTE: This parameter is sampled and not 100% tested. 


M@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, to 0°C to 70°C, unless otherwise noted.) 
e Read Cycle 


Symbol HM6787HA-12 | HM6787HA-15 | HM6787HA-20 
Item Symbol - : Unit | Notes 
Min. | Max. | Min. | Max Min. | Max. 
Read Cycle Time ee ee ee 
Address Access Time cc Ce 
Chip Select Access Time | tas | — | 2B | — | 15 | — | 20 | ns | _ 
Output Hold from Address Change | tor | 4 | — | 4 [| — | 4 | — | os | — 
Chip Selection to Output in Low Z tLz sb eS Ss ons 1,2 
Chip Deselection to Output in High Z tHz | o {| 6 | o {| 6 | o { 8 | ns | 1,2 
NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 

¢ Write Cycle 

a HM6787HA-12 | HM6787HA-15 | HM6787HA-20 Ser 

[Min [ Max. | Min. | Max. | Min, | Max. 

Write Cycle Time sige ETB dees aes aaa ae met 
Chip Selection to End of Write tw | 8 | — {| 0 | — | 56 | — | ns | — 
Address Valid to End of Write ae Seas Se ee eee eS — 
Address Setup Time ie Oe rte es pO me = 
Write Pulse With ee en ee 
Write Recovery Time a I a 
Data Valid to End of Wit a ee a eee ee 
Data Hold Time a a RC 
Write Enable to Output in High Z twz | oO | 6 | o | 6 | O | 8 | ns | 3,4 
Output Active from End of Write | tw i 3 {| — | 3 | — | 3 [| — [ os | 3,4 


NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
4, This parameter is sampled and not 100% tested. 
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HM6787HA Series 





@ TIMING WAVEFORM 
e Read Cycle (1) (1) (2) 


tre 


. 


bata ou _ Previous ata vaid 9K XKKXXOD 


e Read Cycle (2) (1) (9) 


trc 


ee 


tacs 
tLz tuz 


Data Out : COOK Data valid 


High Impedence High 


Impedence 


NOTES: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 


3. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 
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HM6787HA Series 
e Write Cycle (1) (WE Controlled) 


twco 
Address penn oeneneeenmmea, 


< SIM LZ 


| ee oe 
WE x 


: ee 
tDH 
Data In Data In Valid 


tow 
Data Out Data Undefined | 
High Impedance 


NOTE: 1. Transition is measured +200mvV from steady state voltage with specified loading in Load B. 
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HM6787HA Series 
¢ Write Cycle (2) (CS Controlled) 








Address 


= _ eee” 
me SW EILZZXEZEZ 
—a 


Data In < _—DatainValid => In Valid 


Data Out Data Undefined 
High Impedance 


NOTE: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HMG2256 Series 


32768-word x 8-bit High Speed CMOS Static RAM 


HM62256P-8 

HM62256P-10 
HM62256P-12 
HM62256P-15 


HM62256LP-8 





FEATURES 
High Speed: Fast Access Time 85/100/120/150ns (max.) 
Low Power Standby and Low Power Operation; 
Standby: 200uW (typ)/10uW (typ) (L-version), 

Operation: 40mW (typ.) (f = 1MHz) 
Single 5V Supply 
Completely Static RAM: No clock or Timing Strobe Re- 
quired 
Equal Access and Cycle Time 
Common Data Input and Output, Three-state Output 
Directly TTL Compatible: All Input and Output (DP-28) 
Capability of Battery Back Up Operation (L-/L-SL version) 


HM62256P Series 


HM62256FP Series 


ORDERING INFORMATION 


HM62256LP-10 
HM62256LP-12 
HM62256LP-15 


HM62256LP-10SL 
HM62256LP-12SL 
HM62256LP-15SL 


HM62256FP-8T 

HM62256FP-10T 
HM62256FP-12T 
HM62256FP-15T 


HM62256LFP-8T 

HM62256LFP-10T 
HM62256LFP-12T 
HM62256LFP-15T 


600 mil 28 pin 
Plastic DIP (FP-28DA) 





# PIN ARRANGEMENT 


28 pin 
Plastic SOP 


HM62256LFP-10SLT 
HM62256LFP-1 2SLT 
HM62256LFP-15SLT 


# ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin with relative to Veg Vv 


Power Dissipation 
Operating Temperature 
Storage Temperature 


Temperature Under Bias 





Item Symbol Unit 


Topr | Oto+70 | °C 


Tstg | -55to +125 | °C 
T bias -10 to +85 | °C 





(Top View) 





Note) *1. -3.0V for pulse width S 50ns 


© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 ¢ (415) 589-8300 








189 


HM62256 Series 





# BLOCK DIAGRAM 


Seti Memory Array 
Row 
Decoder 
512512 


Y Address Buffer 


WE 
OE AO Al A2 AIDA3ZA4 
cs 





= TRUTH TABLE 


cs ac Vcc Current ile Pin Reference Cycle 
L fo Se Write —— Write Cycle No. 1 
L Write i a ee Write Cycle No. 2 


X means H or L 


# RECOMMENDED DC OPERATING CONDITIONS (7,=0 to +70" C) 

2 
5 

Note) *1. ~—3.0V for pulse width S 50ns 


m DC AND OPERATING CHARACTERISTICS (Voc = 5V + 10%, Vs = OV, Tz = 0 to +70°C 


Supply Voltage 


Input Voltage 


—w/ 








fem fsymbo|______TestCondition ————* in [typ] max] Uni 

Input Leakage Current Vin = Vsg to Vcc Sees pA 

Output Leakage Current CS=Vizz or OE= Vizzor WE=Vq, Vijo=Vss to Veco sere eerie ed BA 

Operating Power Supply Current | [oc | CS=Vyz, I7j9=9mA eee Bl S| mA 
a -8 | — | 50 | 70° 

Operating Icc1 | Min. Cycle, duty=100%, CS=Vi., L1;9=0mA mA 
Power HM62256- 12. |= | 35 | 70, 

Supply 

Current HM62256-15 | - | 33 | 70 | 

Iec2 Vin, Vin=Voc, Vit=0V,11/0=0mA f=1MHZ | 1S | mA 

ise mA 






Standby Power Supply Current 


N o 
8 ir 


vw 

* 

w 

. ~ 
> 


S 2 Voc-0.2V, 0V S$ Vix 


‘SBI 
| You | IoL=2.1mA 
Output Voltage IoH=-1.0mA 


Notes) *1. Typical values are at Voc=5.0V, T° 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
*3. This characteristics is guaranteed only for L-SL version. 
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HM62256 Series 


® CAPACITANCE (7,=25 C, f=1MHz) 


[ Symbot_[ Tes Condition [op [ax [Unt 


Cin Vin=0V 













Input Capacitance 








Input/Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


®@ AC CHARACTERISTICS (Vcc =5V+ 10%, Tz =0 to +70°C unless otherwise noted) 
@ AC Test Conditions 
O Input pulse levels: 0.8V to 2.4V O Input and Output timing reference levels: 1.5V 
© Input rise and fall times: 5ns © Output load: 1TTL Gate and C, (100pF) 
(Including scope and jig) 
@ Read Cycle 








fo Symbol|1M62256-8 | HM62256-10 nee HM62256-15 | | 
min. min. | max. | | max. | min. | max. | 

Read Cycle Time tRC ee een 120 ae 150 Lee ns 
Chip Select Access Time tacs| - | 85 | - | 100 | 120 | - | 150 | ns 
eae et ete 
Output Hold from Address Change tOH | 5s | - | tof - | 10] - | 10] - | ns 
Chip Selection to Output in Low Z tCLZ | 10 | - {| 10] - | 10] - {| 10] - | ns 
Output Enable to Output in Low Z tOLZ beat ee TS ee PS ee he | ns 
Chip Deselection to Output in High Z | tcyz | o | 30 | of 35 | Of 40] O| So. ns 
Output Disable to Output in HignZ | tonz| 0 | 30 | 0] 35] 0] 40] 0] s0| ms 


@ Timing Waveform of Read Cycle No. 1/1! 
tRC 


Ss tAL LL LT. 


ot ee 


Dout tCLz STN : WAY 
ou ee Data Valid YAS 


@ Timing Waveform of Read Cycle No. 2232314) 


tre 


tAA toH 


- 06 


/| 
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HM62256 Series 


@ Timing Waveform of Read Cycle No. gitl{31 (4) 





Dout @eee Data Valid 


Notes) 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = Vz. 
3. Address Valid prior to or coincident with CS transition Low. 


4, OE = Vib. 

@ Write Cycle 
— HM62256-8 | HM62256-10 | HM62256-12 | HM62256-15 Rae 
| min, | max. | min. | max. | min. | max. | min. | max. | 
Write Cycle Time we | 8 | - | 100] - | 120] - | 150] - | ms 
Address Valid to End of Write aw | 75 {| - | 80] - | 8 | - | 100] - | m 
Write Pulse Width we | 60 | - | | - | | - | 90] - | ms 
Write Recovery Time Ttwe | to | - | of - | o] -| 0] -|m 
Write to Output in High Z twuz) 0 | 30 | 0] 35 | 0] 40 | 0| 50 | ms 
Data Hold from Write Time iy { 0] - | of -| o] -| o| -|m 
Output Disable to Output in HighZ | conz| 0 | 30 | 0 | 35 | 0| 40 | 0] 50 | ms 
Output Active from End of Write | ow | 5 | - | 5] - | 5] - | S| - [ms 
@ Timing Waveform of Write Cycle No. 1 (OE Clock) 
twc 
dances enetrasonetsenetinitioroeneorenel 


ols oe 
Ss VA 777 


AS taw 


NNN 
ANAT / 


Dott \\V\V\\\V\V\ VA 
EIA IDA DAL S tpw {DH 


‘" KX 
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HM62256 Series 


@ Timing Waveform of Write Cycle No. 2'5) (OF Low Fixed) 


tuc 


tcw (2) 
ton twir 
s WM @ WW 
ave ash AK - 

(7) 
Dout UEER EE EABeRe aia LYE 
TLS TSAI ILL LIS ot a ~ 
Din Wo NZ 
WILLD 
Notes. 1. 


A write occurs during the overlap (twp) of a low CS and a low WE. 
. (wR is measured from the earlier of cs 


or WE going high to the end of write cycle 


Z 

3. During this period, I/O pins are in the output state. The input signals out of phase must not be applied 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, 
outputs remain in a high impedance state. 


co SN 


OE is continuously low. (OE = V;;) 
. Dout is in the same phase of written data of this write cycle. 
. Dout is the read data of next address. 
. If CS is low during this period, I/O pins are in the output state. The input signals out of phase must not be 


applied to I/O Pins. 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C) 
(This characteristics is guaranteed only for L-and L-SL version) 


Vcc for Date Retention 


Voc = 3.0V, CS 2 2.8V p= | 
Data Retention Current ICCDR OVS Vin Lae 


Chip Deselect to Data Retention Time 


Operation Recovery Time 


PSRec-02v—~| 20 | 


ais 
'RC#! Po 





t 
See Retention Waveform 
[R 


7A) 
i) 
* 
w 


Note) *1. trpc= Read Cycle Time ; ° 
*2. This characteristic is guaranteed only for L-version, 20uA max. at Tg = 0 to 40 C. 
*3. This characteristic is guaranteed only for L-SL version, 34A max. at Tg = 0 to 40 C. 


@ Low Vcc Data Retention Waveform 


Note) 


Vcc 


cS 












Unit 


BA 


ns 


ns 


DATA RETENTION MODE 
w----—-~- + fe = = 4.5V 
2.2V------7#-—- Vor 22.0V —-—¥—---2.2V 
Vor 
CS2 Vcc—0.2V 





OV --- nn nn nn nn nn rere 
In Data Retention Mode, CS controls the Address, WE, OE, and Din Buffers. Vin for these inputs can be in 
high impedance state in data retention mode, 
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HM62256 Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE (1) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (1) 





¥ z 
z z 
5 3 
a a 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
SUPPLY CURRENT vs. SUPPLY VOLTAGE (2) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (2) 


1.3 





1.2 









1.1 


| 
ne 


0.9 


Supply Current Icc: (Normalized ) 
Supply Current Ic¢c: (Normalized ) 
> 


0.8 





0.7 





0 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (‘C) 
SUPPLY CURRENT vs. SUPPLY VOLTAGE (3) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (3) 


Supply Current Icc, (Normalized ) 
Supply Current Icc2 (Normalized ) 





Supply Voltage Vcc (V) Ambient Temperature Ta (*‘C) 
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HM62256 Series 


ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE 








5 : 
E E 
e e 
& é 
4.50 4.75 5.00 5.25 5.50 
Supply Voltage Vic (V) Ambient Temperature Ta (‘C) 
STANDBY CURRENT vs. SUPPLY VOLTAGE STANDBY CURRENT vs. AMBIENT TEMPERATURE 


Standby Current Isg, (Normalized) 
Standby Current Is, (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 





SUPPLY CURRENT vs. FREQUENCY (READ) SUPPLY CURRENT vs. FREQUENCY (WRITE) 


Supply Current Icey, [cece (Normalized ) 
Supply Current Je¢c:. [ccz ‘Normalized ) 





Frequency { (MHz) Frequency f (MHz) 
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HM62256 Series 


INPUT LOW VOLTAGE vs. SUPPLY VOLTAGE INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 


Input Low Voltage V,;;max ‘Normahzed) 
Input High Voltage Vjyzmin Normalized: 





"4.50 475 5.00 525 550 


r 
Supply Voltage Vec \V) Supply Voltage V., ‘V° 


OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Output High Current Joy ‘Normalized } 
Output Low Current Io, (Normalized: 





Output High Voltage Von (V) Output Low Voltage Vo, (V) 


ACCESS TIME vs. LOAD CAPACITANCE 


Access Time taa, tacs (Normalized) 





Load Capacitance C, ‘pF ) 
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HM62832/HM62832H 
8-Bit CMOS Static RAM 


32768-WORD x 8-BIT HIGH SPEED CMOS STATIC RAM 


@ FEATURES 


¢ High speed: Fast Access time 25/35/45 ns (max.) 
HM62832—Low power 
Standby: 10 »W (typical) (L-version) 
Active: 300 mW (typical) 
HM62832H—Low power 
Standby: 300 mW (typical) 
Active: 30 nW (typical) (L-version) 
Single 5V supply 


Completely static memory 
No clock or timing strobe required 


¢ Equal access and cycle times 
¢ Common data input and output—Three stage output 
e Directly TTL compatible—All inputs and outputs 


@ ORDERING INFORMATION 


Part No. Package 

HM62832P-35 35 ns 

HM62832P-45 45 ns 300 mil 28-pin 
HM62832LP-35 35 ns Plastic DIP 
HM62832LP-45 45 ns 

HM62832JP-35 35 ns 

HM62832JP-45 45 ns 300 mil 28-pin 
HM62832LJP-35 35 ns Plastic SOJ 
HM62832LJP-45 45 ns 

HM62832HP-25 25 ns 300 mil 28-pin 
HM62832HP-35 35 ns Plastic DIP 
HM62832HP-45 45 ns (DP-28NA) 
HM62832HJP-25 | 25 ns 300 mil 28-pin 
HM62832HJP-35 35 ns Plastic SOJ 
HM62832HJP-45 45 ns (CP-28DN) 





(DP-28NA) 


(CP-28DN) 
PIN ARRANGEMENT 


Top View 


OMAN OOF ODN 











@ PIN DESCRIPTION 


Pin Name 
Ag-Aig 
I/Oo-I/O7 
CS 
WE 


@ HITACHI 


Function 
Address 
Input/Output 
Chip Select 
Write Enable 
Output Enable 
Power Supply 


Ground 
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HM62832/HM62832H 


@ BLOCK DIAGRAM 


Memory Array 


512X512 


Column VO 


Column Decoder 


Y Address Buffer 


AO Ai A2 A3 A10 A3 A4 





Mm ABSOLUTE MAXIMUM RATINGS 


Item Symbol Value Unit 


-0.5"! to + 7.0 Vv 


Voltage on any Pin Relative to Veg 


Power Dissipation 


J 


S 

ge 
° 
o) 


Operating Temperature 0 to +70 °C 
-55 to +125 


-10 to +85 ad @ 


gt 
no) 
4 


Storage Temperature 


Storage Temperature Under Bias 


te 
Ss 
BS 
n 


NOTE: 1 -25 V for pulse width <= 10 ns 


@ FUNCTION TABLE 


CS OE Mode 1/0 Pin Ref. Cycle 
es aa y 
NOTE: 1 X HorL 
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HM62832/HM62832H 


@ DC CHARACTERISTICS for HM62832 (Ta = 0 to +70°C, Voc = 5V + 10%, Vss = OV) 


cs = Vin or OE = Vin 
Output Leakage Current Lol pA or WE = Vi, 

Vyo = Vss to Vec 
Average Operating Power Minvcyciey duty 0: 
Supply Current lec me oS Vib 

Ivo = O0mA 









pm | = |e | om [mm [eam 
Standby Voc Current CS = Vcc - 0.2V, 
2 pA OV < V;, s 0.2 V, L-version 
or Vin, 2 Vee - 0.2 V 
eases | vo | = | = | o4 | Vv |lo=8ma 
[Mon [24 = [= lnm 
NOTE: 1 Typical values are at Vcc = 5.0 V, Ta = +25°C and specified loading. 


@ DC CHARACTERISTICS for HM62832H (Ta = 0 to +70°C, Voc = 5V + 10%, Vsg = OV) 


Unit Test Conditions Note 


HA | Vin = Vss to Voc 


cs = Vin or OE = Vin 
or WE = Vj, 
Vio = Vss to Vcc 


Parameter Symbol 
Input Leakage Current 







Output Leakage Current Tol 


Operating Power Supply Current Icc = 120 


lee] + [> ple 


_— 


Min. cycle, duty = 100%, 
CS = Vit» 
Ivo =Q0OmA 


Standby Power Supply Current 


Cs = Vcc ~ 0.2V, 
OV < Vi, = 0.2 V, 
or Ving 2 Vee - 0.2 V L-version 


Standby Power Supply Current 





Output Voltage Vou a 


NOTE: 1 Typical values are at Vcc = 50 V, Ta = +25°C and specified loading. 


@ CAPACITANCE (T, = 25°C, f = 1MHz) 


NOTE: 1. This parameter is sampled and not 100% tested. 
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HM62832/HM62832H 


mM AC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 


Test Conditions 


e Input pulse levels: 0.0 V to 3.0 V 
e Input rise and fall times: 5 ns 


Output Load (A) 


+5V 
480 


30 pF * 


NOTE:  * Including scope & jig 


@ Read Cycle 








5 V + 10%, unless otherwise noted.) 


e Input and output timing reference levels: 1.5 V 
¢ Output load: See Figures 


Output Load (B) 
(for te_z, torz, tcnz> touz> twuz & tow) 


+5 V 


Parameter Symbol HM62832H-35 HM62832H-45 Unit 
Mn [mex [Min | Max | Min [Ma 
Address Access Time taa | — | 2 | — { 35 | = | 45 | ns 
Output Enable to Output Valid tor | — | 2 | -— | Bb | = | 2% | ns 
Output Hold From Address Change tou fea de see pe Se ns 
Chip Selection to Output in Low-Z tcLz | s | — | 5 | = | ns 
Output Enable to Output in Low-Z | woz | o | —- {| o | ~ | o [| ~ | ns 
Chip Deselection to Output in High-Z ee ns 
Output Disable to Output in High-Z toHz tO ee I Oe Or. ge ns 


Read Cycle Timing (1) *1 


Address 





Read Cycle Timing (2) *1. *2, °4 


tac 





Address 





OE 
cs 
Dout NOTES: *1 WE 1s high for read cycle 
*2 Device 1s continuously selected, CS = VIL 
*3 Address should be valid prior to or coincident with CS transition low 
*4 OE = VIL 
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| 
| 
I 





HM62832/HM62832H 
@ Write Cycle 


HM62832-35 HM62832-45 
ae aie oe HM62832H-35 HM62832H-45 eae 





| Min. [Max | Min. | Max. | Min. | Max _| 

Chip Selection to End of Write | tw | 2 | -— | 3 | -— | #@ [| - | ns 
Address Valid to End of Write taw | 2 | -— | 3 | — | 4 | - | ns 
Write ule Wi w | s |-)»™)}-|s }|-|- 
Data to Write Time Overlap tpw f 2 | = | 6 | — | wo | — | ns 
Data Hold from Write Time | te | oF | — [| o | — [| o0 | = | ns 
Output Disable to Output in High-Z tue | Oo | 2 | 0 | wb | Oo | 20 | os 

ae 


Write Cycle Timing (1) (OE Clock) 


Output Active From End of Write Lc! tego |e > Se ea ea ee al age 
two 


Address 


B 


eR a a 

s WOU 

_ fi aan ie eae eee 

we WOK 
eee 


Dout SSS eed 
OC Mh nkenkekendeude db 
Ly * an 
Din (CK KK 


Write Cycle Timing (2) (OE Low Fixed) 


Address 





cs 
WE 
Dut 29232900022 
Din 


NOTES: *1 A write occurs during the overlap (twp) of a low CS and a low WE 
*2. twr 1s measured from the earlier of CS or WE going high to the end of write cycle 
*3 During this period, I/O pins are in the output state The input signals out of phase must not be applied 
*4 If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, outputs remain in a high impedance state 
*5. OE is continuously low (OE = ViL) 
*6. Dour Is 1n the same phase of written data of this write cycle 
*7 Dout is the read data of next address 
*8 If CS 1s low during this period, I/O pins are in the output state The input signals out of phase must not be applied to I/O pins. 


*9, WE must be high during all address transitions except when device 1s deselected with CS 
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HM62832/HM62832H 


@ Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 
This characteristics is guaranteed only for L-version 


Parameter | Symbol | Min. | Typ. | Max. | Unit | Test Conditions 
Vcc for Data Retention | Vor | 20 | = | 
Chip Deselect to Data Retention Time | tor {| Oo | — | — | ow | 0 Vv oe V.< 02 oe 
Po he 


Operation Recovery Time trc tre 


NOTES: ‘*1 trc = read cycle time 
*2 Vcc =30V 


Low Vcc Data Retention Timing Waveform 


Data retention mode 





@ PACKAGE DIMENSIONS Unit: mm (inch) 


HM62832HP Series HM62832HIP Series 
(DP-28NA) (CP-28DN) 
HM62832P/HP HM62832JP/HJP 


2 470 2 
dad lL a (0 09419 28) 
37 32max (1 470max ) 


18 54(0 73)max 0 63(0 025) MIN 





| 6 60 | 
(0 260) 
7 3max 
(0 287max ) 


Ht 18+0 13 
(0 440+0 005) 
9 4+0 25 
(0 370+0 01) 


1 30(0 05!) 
7 62(0 300) 


0 26 


(0 138+0 01) 


+ 


{ 


35 


[=[0 10(0 004) OOUGORRH guagy | 
(SEATING ate at = ECR) 


(0 017+0 004) 


L 


05imin 


i 
i 
254min §$ 0Smax 

{0 100min) (0 200max ) 


(0 020min ) 


1 


ee AS 
048+0; 2544025 
(0 019+0 004) (0 100 +0 010) 
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HM6208/HM6208H Series 
4-Bit CMOS Static RAM 


65536-Word x 4-Bit High Speed CMOS Static RAM 


The Hitachi HM6208 and HM6208H are high speed 256k static 
RAMS organized as 64k-word x 4 bit. They realize high speed 
access time (25/35/45 ns) and low power consumption, employing 
CMOS process technology and high speed circuit designing 
technology. It is most advantageous wherever high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. 

The HM6208 and HM6208H are packaged in the industry 
standard 300-mil, 24 pin, plastic DIP. The HM6208H is also (DP-24NC) 
available in a 300-mil, 24 pin, plastic SOJ package for high density 
mounting. The low power versions are ideal for battery backed 
systems. 


Features 

¢ Single 5 V supply and high density 24-pin package 
e High speed: Access time 25/35/45 ns (max.) 

e Low power 





Active: 300 mW (typ.) 
Standby: 100 »W (typ.) (CP-24D) 
30 »W (typ.) (L-version) 
¢ Completely static operation requires Pin Arrangement 


No clock or timing strobe 
e Access and cycle times are equivalent 
e All inputs and outputs TTL compatible 
e Capability of battery back up operation (L-version) 


Ordering Information 


Type No. Access Time Package 
HM6208P-35 35 ns 
HM6208P-45 45 ns 
HM6208LP-35 35 ns 300-mil 
HM6208LP-45 45 ns 24-pin 
HM6208HP-25 25 ns plastic DIP 
HM6208HP-35 35 ns (DP-24NC) 
HM6208HLP-25 25 ns 
HM6208HLP-35 35 ns 
HM6208HJP-25 25 ns 300-mil 
HM6208HIJP-35 35 ns 24-pin 
HM6208HLJP-25 25 ns plastic SOJ 
HM6208HLJP-35 35 ns (CP-24D) 


(Top View) 





Pin Description 


Pin Name Function 

AO — Al15 Address 

V/O1 - 1/04 Input/Output 
cs Chip select 
WE Write enable 
Vcc Power supply 
Vss Ground 
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HM6208/HM6208H Series 


Block Diagram 


Al4 0-1 

A1l5 Oy — 

A0 O—+ 2=—> 
Al1O-13-—)_ Row 
A2 o-+>— Decoder 


- Vee 


> Vss 


Memory Array 










256 X 1,024 
A3 © > a 
A4 Oa 
A5 QO Poems 
ape an = 
1/02 © He Input -— 
Control 
ie wv Oi 1 ae yo a a 
1/04 0 Ly IS LSLS LLL“ LS 






Al3 A12A11A10 A9A8 A7 A6 


ae 
welt 


Function Table 








Mode Vcc Current I/O Pin Ref. Cycle ; 
H x Not selected Isp, Ispi High-Z — 
L H Read Icc Dout —__ Read cycle 
L L Write Icc Din ___ Write cycle 


Note: means don't care. 


Absolute Maximum Ratings 




















Item Symbol Value Unit 
Voltage on any pin relative to Vss Vin —0.5"' to +7.0 V 
Power dissipation Pr 7 1.0 W 
Operating temperature range Topr 0 to +70 a & 
Storage temperature range Tstg —55 to +125 °C 
Storage temperature range under bias Tbias —10 to +85 °C 





Note: *1. Vin min = -2.5 V for pulse width < 10 ns. 
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HM6208/HM6208H Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 











Item Symbol Min Typ Max Unit 
Vcc 4.5 5.0 Die xc 2 V 
Supply voltage eae ees ig ee ae Vv 
Input high (logic 1) voltage Vin a 6.0 V 
Input low (logic 0) voltage ViL =05"" = 0.8 NV 


Note: *1. Vi min = -2.0 V for pulse width < 10 ns. 


@ DC Characteristics (T., = 0 to +70°C, Vcc = 5 V + 10%, Vss = 0 V) 





Item Symbol Min Typ *! Max Unit Test Conditions 


Voec = Max 
Input Leakage Current I 20 A ce 
CS = Viy 


= 
> 


Output Leakage Current lLo 


Viigo = Vs5 t0 Vee 








/ 7 . cs = Vit: Ivo = OmA, 
Operating Power Supply Current Icc a 100 mA Min Cycle, Duty = 100% 
Standby Power Supply Current Isp oe : uae 

CS = Vin. Min Cycle 
Standby Power Supply Current **H™ Version Isp 


Standby Power Supply Current Isp 2000 CS > Voc -902V 
SSS OV<s V,<s02Vor 


— Vv lou =-40mA 


Standby Power Supply Current L-Version Isp} 


Output Low Voltage VoL 





m 
W 
p 
3 
=) 
> 


Output High Voltage Vou 24 





Note  *! Typical limits are at Veco = 5 0 V, T, = +25°C and specified loading 


Capacitance (Ta = 25°C, f = 1MHz)”! 











Item Symbol Min Max Unit Test Conditions 
Input capacitance Cin — 6 pF Vin=0V 
Input/output capacitance Cyo — 10 pF Vyvo=0V 





Note: *1. This parameter is sampled and not 100% tested. 


AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted.) 

Test Conditions 

¢ Input pulse levels: Vss to 3.0 V * Input and output timing reference levels : 1.5 V 
¢ Input rise and fall times: 5 ns * Output load: See Figures 











Output Load (B) 
(for tz, tLz, twz & tow) 





Output Load (A) 


+5V 
480 9 


255 2 SpF « 





Note: * Including scope & jig. 
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HM6208/HM6208H Series 





Read Cycle 
| Min. | Max. | Min. | Max. | Min, | Max. 
Output Hold From Address Change SS See ns 
Chip Selection to Output in Low-Z tz | 5s | — [| 5 | -— [| 5 | ns 
Chip Deselection to Output in High-Z } ta | o | 2 | oO | 20 | oOo | 2 | ns 
Chip Selection to Power Up Time | ty | Oo | — | o | = | Oo | = | ns 
Chip Deselection to Power Down Time | tp | — | wb | — [| 23 | — | 30 | ns 


Note: *1 Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 


Read Timing Waveform (1) °°? 


Address 


Data Invalid 


Kes 





Read Timing Waveform (2) °°? 


Dout 


High Impedance High 
Impedance 


Vcc supply 


current 





Notes: *1. WE is high for read cycle. saa8s 
*2. Device is continuously selected, CS = VL. 
*3. Address valid prior to or coincident with CS transition low. 
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HM6208/HM6208H Series 





\ 
| 
es 
. 
4 
\ 
t 


Write Cycle 
i: symbot | HM6208#.25 penne HM6208-45 ssi 
Chip Selection to End of Write tw | 2 | -— | 30 | — | 4 | -— | os 
Address Valid to End of Write tw | 20 | — | 30 | — | 4 | — | os 
Write Pulse Width 20 p= pRB 35 = ns 
Data Valid to End of Write tpw | i | — [| 2 | — [| 0 | —- | ns 
Write Enabled to Output in High-Z twz"! Po Or Si Op OP MO 1 dt is i ns 
Output Active From End of Write tow"! | o | — {| o | —- | o | = | ns 


Note: *1 Transition is measured 4 200 mV from high impedance voltage with Load (B) This parameter is sampled and not 100% tested 


Write Timing Waveform (1) (WE Controllcd) 








Address 








= WA 


6 elie ae oe 
— 






eT) a ey yy i A a 
NAN Ns 7 


High Impedance 
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HM6208/HM6208H Series 


Write Timing Waveform (2) (CS Controlled) 


oe enone 











ry, 
" SRRRNNNY Gn 7700000001 


to ol 





S (OK XXX 


High Impedance #4 
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Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 
These characteristics are guaranteed only for L-version. 


Item Symbol Min Typ Max 
Vcc for data retention Vopr 2.0 _—- — 
Data retention current Iccor — 1 50° 
Chip deselect to data retention time __tcprR 0 —- — 
Operation recovery time tR Re. SS ee 


Notes: *1. trc = read cycle time. 
*2. Vcc = 3.0 V. 


Low VCc Data Retention Timing Waveform 


Data retention mode 


CS2 Vee —0.2V 


@ HITACHI 


Unit 


pA 
ns 
ns 


HM6208/HM6208H Series 


Test Conditions 


CS > Vcc - 0.2 V, 
Vin > Vcc — 0.2 V or 
0V<Vin<0.2 V 


Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 











HM6208/HM6208H Series —————--________________ 


@ PACKAGE DIMENSIONS Unit. mm (inch) 


HM6208H3P Series 


HM6208/HM6208HP Series 
(CP-24D) 


(DP-24NC) 


29 88(1 176) 
30 48max (1 200max ) 
2 2073 19 
(0 08778 Ot) 


(0 290max } 


15 63(0 615) 


; 16 00max (0 63max) 0 60(0 024) 
13 


mal 
t 14(0 045) 1 3(0 051) 


7 62(0 30) 


(0 200max ) 


S 
4 


(0 10rd $1) 


mo 


(0 100min) 5 o8max 


Seainens wel 





—_ 


[ 


0 51min 
(0 020min ) 


[A]0 1010 004 

SEATING PLANE) | 
0 43+0 10 
0 017+0 004: 


048+0! 258+ 025 
(0.019 + 0.004) (0 100 + 0.010) 


2 54min 
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FMG708 Series 


65536-word x 4-bit High Speed Hi-BiCMOS Static RAM 





Features HM6708P 
@ Super Fast Access Time : 20/25ns (max.) 
@ Low Power Dissipation 
Operating: 350mW (typ.) (f = 50MHz) 
@ +5V Single Supply 
® Completely Static Memory 
No Clock or Timing Strobe Required 
@ Balanced Read and Write Cycle Time 
@ Fully TTL Compatible Input and Output 





(DP-24NC) 
HM6708 JP 
Ordering Information 
Type No. Access Time Package 

HM6708P-20 20ns 300mil 24 pin 

HM6708P-25 25ns Plastic DIP 

HM6708JP-20 20ns 300 mil 

HM6708JP-25 25ns 24 pin SOJ 
Block Diagram (CP-24D) 


Pin Arrangement 


Memory Matrix 


— 


256 X 1024 


oO a KN Dm TN me & NY 


— et 
Nn = © 


ae 1/0 
ee Decoder 
crrereerterry Wd Md mi Md 

a tet Ar AG Au AshisAvAts 


(Top View) 





Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi’s Sales Dept. regarding specifications. 
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HM6708 Series 


Absolute Maximum Ratings 


Item Symbol Rating Unit 
Terminal Voltage to Vgg Pin Vr —0.5 to +7.0 V 
Power Dissipation Pr 1.0 WwW 
Operating Temperature Range Topr 0 to +70 nC 


Storage Temperature Range (with bias) Tgegpias) —10to+85 °C 
Storage Temperature Range T stg ~55 to +125 2° 





Recommended DC Operating Conditions (7, = 0 to +70°C) 






































Item Symbol min. typ. max. Unit 
Voc 4.5 5.0 5.5 V 
Supply Voltage 
Vss . oO 0 0 V 
V 2.2 _ 6.0 V 
Input Voltage = 
Vin —0.5*) - 0.8 V 
Note) *1. —3.0 V for pulse width 20ns. 
Function Table 
cS WE Mode Voc Current 1/O Pin Ref. Cycle 
H x Not selected Isp, /gp1 High Z _ 
L H Read Ico lec1 Data Out Read Cycle 
L L Write Ico. loci Data In Write Cycle 
DC and Operating Characteristics (Vcc = 5 V 10%, Tz = 0 to +70°C) 
Item Symbol min. typ. max. Unit Test Conditions 
Input Leakage Current Urpr! a 2 pA Veo = 5.5V, Vin = Vsgs to Voc 
Output Leakage Current Urol - - 10 BA CS = Vizz, Vivo = Vgg to Voc 
Operating Power Supply Current Joc = 100 mA = CS= Viz, J1;9 = 0 mA 
Average Operating Current Iec1 - - 120 mA Min, Cycle, Duty: 100%, [7,9 =OmA 
Isp - ~ 30 mA CS = Vix, Vin = Virz OF Viz, 
Standby Power Supply Current CS > Vanr—0.2 V 
Isp1 _ _ 10 mA < CC. 
Vin $0.2 Vor Vin 2 Voc—0.2V 
Output Low Voltage VoL - - 04 #V Io, =8mA 
Output High Voltage Von 2.4 _ - Vv lon = —4mA 
© HITACHI 
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HM6708 Series 


Capacitance (7, = 25°C, f= 1 MHz) 


Item Symbol max. Unit Test Conditions 
Input Capacitance Cin 6.0 pF Vin=0V 
Input/Output Capacitance Cryo 10.0 pF Vio =0V 


Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Vcc =5 V +10%, Tz = 0 to +70°C, unless otherwise noted) 


AC Test Conditions 

@ Input pulse levels : Vss to 3.0 V 
Input timing reference levels : 1.5 V 
Output Load : See Figure 

Input rise and fall times : 4 ns 
Output reference levels : 1.5 V 


Output 


255Q 
* including 
scope and jig 


Output Load A Output Load B 
(for tz trz, twz, & tow) 











Read Cycle 
HM6708-20 HM6708-25 
Item Symbol - at - : Unit Notes 
min. max, min. max. 

Read Cycle Time tre 20 _ 25 ~ ns _ 
Address Access Time tAA - 20 _ 25 ns - 
Chip Select Access Time ‘acs = 20 - 25 ns — 
Output Hold from Address Change = tory 5 - 5 - ns - 
Chip Selection to Output in Low Z trz 0 — 0 ~ ns 1,2 
Chip Deselection to Output 

in High Z tz 0 8 0 10 ns 1,2 





Note) 1. This parameter is sampled and not 100% tested. 
2. Transition is measured +200 mV from steady state voltage with specified loading in Load B, 
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HM6708 Series 


Read Cycle-1*! -*? 


Address 


Data Out 





Read Cycle-2*!’*° 


tHz 


High 
Impedance 





Notes) «1. WE is High for Read cycle. 
*2. Device is continuously selected, CS = V; 
*3. Address valid prior to or coincident with CS transition low. 





Write Cycle 
Item Symbol ral Aca : pein Unit Notes 
min. max. min. max. 

Write Cycle Time two 20 - 25 - ns 2 
Chip Selection to End of Write tow 15 — 20 - ns - 
Address Valid to End of Write taw 15 - 20 - ns - 
Address Setup Time tas 0 - 0 - ns - 
Write Pulse Width twp 15 - 20 _ ns - 
Write Recovery Time twrR 3 - 3 - ns - 
Data Valid to End of Write tow 12 - 15 - ns - 
Data Hold Time tow 0 ~ 0 a ns - 
Write Enable to Output in High Z twz 0 8 0 10 ns 3,4 
Output Active from End of Write tow 0 _ 0 — ns 3,4 


Note) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6708 Series 


Write Cycle-1 (WE Controlled) 





Address 


LLL ILL L 


<a 


ne _ fara tp 


*3 
(wz : 


Data Out High Impedance 
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HM6708 Series 


Write Cycle-2 (CS Controlled) 


Address 


peta tn XXX KAKA KY YOKE 


High Impedance *4 


Data Out 





Note) *1. A write occurs during the overlap of a low CS and a low WE. (twp) 

*2. ty R is measured from the earlier of CS or WE going high to the end of write cycle. 

#3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 

#4, If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the 
output buffers remain in a high impedance state. 

«5, If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase 
to the outputs must not be applied to them. 

*6. Output is the same phase of write data of this write cycle. 
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HM6708A Series — product Preview 


65536-Word x 4-Bit High Speed Static RAM 


@ FEATURES 
e Super Fast 

ACCOSS TIMMS fe cucine eS A eta oes 15/20/25ns (max.) 
e Low Power Dissipation .................00005. 400mW (typ.) 


e +5V Single Supply 
¢ Completely Static Memory 

No Clock or Timing Strobe Required 
e Fully TTL Compatible Input and Output 


@ ORDERING INFORMATION 


Access Time 


15ns 
20ns 
25ns 


1S5ns 
20ns 
25ns 










Package 


300 mil 24 pin 
Plastic DIP 
(DP-24NC) 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 





HM6708AP-15 
HM6708AP-20 
HM6708AP-25 


HM6708AJP-15 
HM6708AJP-20 
HM6708AJP-25 





















@ BLOCK DIAGRAM 


A20 > 
A30 SS 
«om 
Aao 
Azo 
Aso 
Ago 


a 

Sa 

Aso pa 
Aso ps 
>, 

a 


—O Vec 
—O Vos 


Row Memory Matrix 
5>_| Decoder 256 X 1024 





10,0 Column VO 1/0 


Input 
O20 ie Data 
1/03 0 Th Control 
1/040 | 
CS <i =e 
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(DP-24NC) 






(CP-24D) 


@ PIN ARRANGEMENT 


1 
2 
3 
4 
5 
6 
7 
8 
9 


(Top View) 
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HM6é708A Series —— 
@ ABSOLUTE MAXIMUM RATINGS 


fem Uni 
Terminal Voltage to Vgg Pin V 
Power Dissipation W 
Operating Temperature Range °C 
Storage Temperature Range (with bias) °C 
Storage Temperature Range °C 

mM RECOMMENDED DC OPERATING CONDITIONS (0°C s T, s 70°C) 

item Max. [Uni 
See v 
vs | 00 | 00 | 00 | Vv 

Input High (Logic 1) Voltage Van | 22 | — | Vect+05 | Vv 
input Low (Logie 0) Voltage vw, | 30 [ —- [| os |v 


*Pulse width < 15ns, DC: -0.5V 


@ TRUTH TABLE 


CS Mode 1/O Pin Ref. Cycle 
H Not Selected High Z : 

L Read Cycle DO) 
L Write Cycle 1) @) 


M@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, Vss = OV) 
Test Condition 
cc = 5.5V, VIN = Vss to Vcc 


iH» Vio = Vss to Vcc 
iL» lyvo = OMA 


pment, 


Item Symbo Unit 


— 
a 
< 


Input Leakage Current 
Output Leakage Current 


= 

Cc 

om 

Al Bl 

~All ~ 

Hoy 

<i < 
. z 
iN = 
<I 
sd 
= = 
E|=|-|E 

.~ 

> 


=) Ww 
3 
> 


Operating Power Supply Current Icc 


Average Operating Current Min. Cycle, Duty: 100%, Io = OmA 1220 | mA 
Isp mH Vin = Vin OF Vit mA 


VIN < 0.2V or VIN = Vcc -0.2V 


Q 
n 
IV 
< 
Q 
o 


|G 
T 
< 


Standby Power Supply Current 


© 
nN 
< 


[fF 
z 


Output Low Voltage 


Output High Voltage Vou v 


m@ AC TEST CONDITIONS 


e Input Pulse Levels: Vgs to 3.0V e Input Rise and Fall Times: 4ns 
e Input Timing Reference Levels: 1.5V e Output Load: See Figure 
¢ Output Reference Levels: 1.5V 


+5 V +5 V 
4800 4800 


5 pF * 


30 pF * 


Output Load B 
Output Load A (for tyz, tz, twz & tow) 





*Including scope and jig capacitance. 
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HM6708A Series 


™@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 


fem Symbol 
input Capacitance 


Max. Unit 





| Max. | 
| 6.0 | pF 
Output Capacitance [Cio | Vo =0V | 0.0 |p 
NOTE: This parameter is sampled and not 100% tested. 
m@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.) 
e Read Cycle 
sym HM6708A-15 | HM6708A-20 | HM6708A-25 
Item Symbol ; Unit | Notes 
Min. | Max. | Min. | Max. | Min. | Max. 
Read Cycle Time eo 
Address Access Time Gi oe ee oe om 
Chip Select Access Time eee oe 
Output Hold from Address Change | tor | 3 [| — | 3 | — | 3 | — | ns | — 
Chip Selection to Output in Low Z | tz | 3 {| — | 3 {| — | 3 | — J os | 1.2 
Chip Deselection to Output in High Z tyz | o | 6 | o | 8 | 0 | 10 | os | 12 
NOTES: _ 1. This parameter is sampled and not 100% tested. 
2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
e Write Cycle 
HM6708A-15 | HM6708A-20 | HM6708A-25 
Item Symbol - - - Unit | Notes 
Min. | Max. | Min. | Max. | Min. | Max. 
Write Cycle Time cee ee ee 
Chip Selection to End of Write | tw | 0 | — | 6 | — [| 20 | — | os | — 
Address Valid to End of Write taw | 1 | — | 6 | — | 20 | — | os | — 
Address Setup Time a 
Write Pulse Width cope | Oe fe or ee 
Write Recovery Time 7 ee ee ee 
Data Valid to End of Write aoe e OL ees ra Nom eee cme | 
Data Hold Time a EC ee 
Write Enable to Output in High Z twz ppb 8 RR Le fa 2,3 
Output Active from End of Write | tow | O | — | o | = | — | ons 223 


NOTES: _ 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 
2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
3 This parameter 1s sampled and not 100% tested. 
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HM6708A Series 


@ TIMING WAVEFORM 
¢ Read Cycle (1) (1) @) 


trac 


taa too 


Data Out __ Previous Data Vali QOVOK Data valid OK XX 


e Read Cycle (2) (1) (3) 


CS 





Data Valid 


Data Out 





High Impedance High 


Impedance 


NOTES: 1. WE is High for READ cycle. 
2. Device is continuously selected, CS = Vit. 
3. Address valid prior to or coincident with CS transition low. 
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HM6708A Series 


¢ Write Cycle (1) (WE Controlled) 


Address 


Din 


Dout 


| 


SSS EEE. 
bag et =p 


x 
OK waves KD 


Data Valid 






twz(3 





Tiliiiditlitéiéiiéiééeéin~ Nigh Impedance Z\IMIMIN ZZ 
NASNASNSAAANASNSNANA ANNA ALAVVYINA 


¢ Write Cycle (2) (CS Controlled) 


Address 


Data In 


Dout 


NOTES: 


Ww NO — 


a 


oi) 


ON 


twe 

Sd 
i, a on 

SII FPLC 


VY VVYYVVVVYVVVVV YVYVYVVYYVY 
XX XK XXX XXX XXX 


High Impedance (2) 





. A write occurs during the overlap of a low CS and a low WE (twp). 
. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 


be applied. 


. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 


buffers remain in a high impedance state. 


_ If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the 


outputs must not be applied to them. 


. Output data is the same phase of write data of this write cycle. 
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HM6709 Series— Preliminary 


65536-Word x 4-Bit High Speed Static RAM (with OE) 


@ FEATURES 
e Super Fast 


ACCESS MIMO: snc ci drieeie enue et ehaes 20/25ns (max.) 
e Fast OE 

ACCESS TING 2.255.505 ese eta hate eee asiod 10ns (max.) 
e Low Power Dissipation ...................008. 350mW (typ.) 


e +5V Single Supply 
e Completely Static Memory 

No Clock or Timing Strobe Required 
e Balanced Read and Write Cycle Time 
e Fully TTL Compatible Input and Output 
© 300 mil 28 pin SOJ 


M@ ORDERING INFORMATION 


Access Time 


20ns 
25ns 


Package 


300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 











HM6709JP-20 
HM6709JP-25 


mM BLOCK DIAGRAM 


e S_ 

Aio J —0O Voc 
O77 

Ao @ Pa —OVss5 

A3 0 Sa Row Memory Matrix 
Kom 

Aa c Ns] Decoder 256 X 1024 

As O 

Ag o 

Aioo 






C 
WW bab bab Wb nb nb WW 


Column |/O 
Ve 
©) 
Ais 
<q 


cs 4 

WE = 

" ee ean 
© HITACHI 


& 


(CP-28DN) 





@ PIN ARRANGEMENT 


{ 
2 
3 
4 
5 
6 
7 
8 
9 





(Top View) 
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HM6709 Series 


@ ABSOLUTE MAXIMUM RATINGS 


Item Symbol Unit 


Terminal Voltage to Vgs Pin -0.5 to +7.0 V 


~j 


Power Dissipation 


J 


o =] 
i) 
= 


0 to +70 °C 
~10 to +85 °C 
-55 to +125 i @ 


Operating Temperature Range opr 


Storage Temperature Range (with bias) T sto(bias 


| 


Storage Temperature Range 


@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, = 70°C) 


jen Tn 

Vss Vv 
inpat High Vlage [var [22 [= 60] 
input Low Volag vis | 30 P08 


*Pulse width: 20ns, DC: -0.5V 


@ TRUTH TABLE 


CS_| OE Ref. Cycle 
Hor L = 
= 
Read Cycle (1) (2) 3) 
Write Cycle (1) (2) G) 4) 
Write Cycle (5) (6) 


m@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C) 


o) 


Geueea 


Bee Ot eo 





tem Un 
Input Leakage Current litsl_| Voc = 5.5V, Vin = VsstoVec | — | — | 2 | #A 
CS = Vy or OE = Viq, WE = V 
Output Leakage Current hol Vez Ve st6 Vez TH HL -|-] 0) pA 
Operating Power Supply Current CS = Vy, Iyo = OMA | — | — | 100 | mA 
Average Operating Current | Tocy | Min, Cycle, Duy 0%, lyg = Oma | — | — | 0 | mA 
Tiss | CS = Van Vig = Varor Va, [=| =| 30 | ma 
Standby Power Supply Current = o Vee _0.2V p-]- | 0) atk 
In < 0.2V or Vin = Voc - 0.2V 
Output Low Voltage Ip, = 8mA | — | ~ | 0.4 | V 
Output High Voltage Ioy = -4mA 24) — | = 1 ¥ 


m@ AC TEST CONDITIONS 


¢ Input Pulse Levels: Vgs to 3.0V ¢ Input Rise and Fall Time: 4ns 
e Input and Output Reference Levels: 1.5V © Output Load: See Figure 


+5 V +5 V 
4800 Dout 4800 


30 pF * 2550 9 pF * 


Output Load B 
Output Load A (for tyz, ttz, tonz, torz, twz & tow) 


*Including scope and jig capacitance. 
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HM6709 Series 


M@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 
Item Symbol Test Conditions Min. Typ. Max. Unit 


Input Capacitane Vw=ov | —- | —- | 6 | 9 
Input/Output Capacitance Vio = OV ee ee ee ae pF 


NOTE: This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (Vcc = SV + 10%, T, = 0°C to 70°C, unless otherwise noted.) 


e Read Cycle 
fen HM6709IP-25 sae 
are Ma | Min. | | Max. | 

Read Cycle Time ae ee eo 
Address Access Time fps ree os ame 
Chip Select Access Time | tacs | — | 20 [| — { 25 | ns | —- 
Chip Selection to Output in Low Z | tz | o | — [| o | — | os | 12 
Output Enable to Output Valid | top | O | 10 | O | 10 | ns | — 
Output Enable to Output in Low Z ltoz | Oo | — [| 0 | — | os | ier 
Chip Deselection to Output in High Z | ty | o | 8 | o | 0 | os | LZ 
Output Hold from Address Change ie a ese — 

NOTES: 1. This parameter is sampled and not 100% tested. 

2. Transition is measured +200mvV from steady state voltage with specified loading is Load B. 
e Write Cycle 
symbot HM6709JP-20 | HM6709JP-25 | Unit 
Item ymbol U Notes 
Min. Max. Min. Max. 

Write Cyole Time we [20 | —- | 2s | — | = | 1 
Chip Selection to End of Write | tw | b | — | 20 | — | os | — 
Address Setup Time tas | o | — | o | — | ns | — 
Address Valid to End of Write | tw | 6 | — | 20 | — | ow | — 
Write Pulse Width al Ce ee a = 
Write Recovery Time twR | 3 | — 7 3 | = | os | — 
Write to Output in High Z | twz | Oo | 8 | oOo | 0 | ns | 2,3 
Data Valid to End of Write tpw | 2 | — | Bo | — | os | — 
Data Hold Time eee ee ee 
Output Disable to Output in High Z | towz | 0 | 8 | O | 0 | os | 253 
Output Active from End of Write | tw | o | — {| o | — | os | 2,5 


NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 
2. This parameter is sampled and not 100% tested. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6709 Series 


@ TIMING WAVEFORM 
e Read Cycle (1) (1) 





Address 


OE MS SVAA gee: 
2 wo | ge 


~—s— | 4K toe 
Le AEF | 


ent neers i a = 


e Read Cycle (2) (1) (2) () 


— 
Pe) 
| 


tre 


Address 


taa tou 


7 
Data Out Previous Data Valid XXXX> Data Valid x x 


e Read Cycle (3) (1) (8) (4) 


Data Out 





NOTES: 1. WE = Vin 
2.CS = VIL 
3. OE = VIL 
4. Address valid prior to or coincident with CS transition low. 
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HM6709 Series 


¢ Write Cycle (1) (OE = H, WE Controlled) 


glee 


6 SSYY 


_ ent 
. WKH 


TVVVVVVVVVVYVVVVV TVVVVVV 
Datain =XXXXXXXXXXXAAAAMD XKXKKAXY 


High Impedance 
Data Out 


e Write Cycle (2) (OE = H, CS Controlled) 


Address | 
= 


VE QR OYIEZE 


to 
Datain = XXKXKKAKKAAAAAAAD Cpa vas > XK 


High Impedance 








Data Out 
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HM6709 Series 


e Write Cycle (3) (OE = Clocked, WE Controlled) 


Address 


OE res ee cee 


cs MX&OQYAK MLLLLLLLLLLL 2 


©) 


Pe 
WE N y 
7 nau | bt 
tonz (2) toLz(2 
High Impedanc 
Data Out a = 
tow tbH 


Ee eee 
High Impedance 
— KD 


e Write Cycle (4) (OE = Clocked, CS Controlled) 


twc 


Address ee 


= SSS 
‘ a ee 


twp (1) 


WE 
DW DH 
Data In XK Data valid KX 


High Impedance 
Data Out 
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HM6709 Series 


e Write Cycle (5) (OE = L, WE Controlled) 


t 
Address | | | 









toH 
High Impedance <tOW | ——. \7V\7 
DataOut D222 DDD D220 , ——K_& KX 
DW DH 
fees, ee ee 


e Write Cycle (6) (OE = L, CS Controlled) 





Address 


a i. aan 
We eer mene 
we IEEE EI 


t 
tcLz WHZ 


High Impedance 
Data Out ee. a 
tpw toy 


Sania Dee 
oe CK data vai AXXXXXXXX 


NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 


2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 


3. Output data is the same phase of write data of this write cycle. 
4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 


5. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 
outputs must not be applied to them. 


6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 
high impedance state. 
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HM6709A Series — product Preview 


65536-Word x 4-Bit High Speed Static RAM (with OE) 


@ FEATURES 
e Super Fast 


ACCESS OHIMG: oc.dea ccleaner iwerd comes 15/20/25ns (max.) 
e Fast OE 

ACCESS TIM: gate bau ln aneth tar ake ss 8/10/10ns (max.) 
e Low Power Dissipation .................0000e 400mW (typ.) 


e +5V Single Supply 
¢ Completely Static Memory 

No Clock or Timing Strobe Required 
e Fully TTL Compatible Input and Output 


@ ORDERING INFORMATION 


Access Time 


1Sns 
20ns 
25ns 


1Sns 
20ns 
25ns 









Package 


300 mil 28 pin 
Plastic DIP 
(DP-28N) 


300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 





HM6709AP- 15 
HM6709AP-20 
HM6709AP-25 


HM6709AJP-15 
HM6709AJP-20 
HM6709AJP-25 












m@ BLOCK DIAGRAM 


















A20 >= 
A3 O >= —0OVec 
Aso i —OVe5 
Azo SS] Row Memory Matrix 
O77 
Aso Ng] Decoder 256 X 1024 
nom 
Ag o Pa 
<om 
As O = 
As o si 
fs ee eH 
O10 p Column I/O 
O20 IS | Input 
ht Data Column Decoder 


Control 
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(DP-28N) 





(CP-28DN) 


m@ PIN ARRANGEMENT 


1 
2 
3 
4 
2 
6 
7 
8 
9 


(Top View) 
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HM6709A Series 
@ ABSOLUTE MAXIMUM RATINGS 


lem 
Terminal Voltage to Vog Pin 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range (with bias) 
Storage Temperature Range 


@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 


Item Symbol_| Min. 
Vv 
Supply Voltage ce 


input High Voltage Pe es ee a OR 
input Low Voltage vir | 30 | — [08 


*Pulse width: 15ns, DC: -—0.5V 


@ TRUTH TABLE 


Unit 


°C 
*C 
°C 


cs [ OE | WE Ref. Cycle 

H HorL = 

L_ [| | H | OutputDisabled | Icc.loc1__| High _ = 

L Read Cycle () @ @) 
L | Write Cycle (1) (2) (3) 4) 
L me F Teortecr_ | Datain__ [Write Cycle 6) 


m@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C) 


sia [Be 
Vcc = 5.5V, Vin = Vss to Vcc 


cs = Vin or OE = Vin or WE = Vit 


— 


Item Symbo 
Input Leakage Current 


Tuy 


Output Leakage Current TLol 





Viio = Vss to Voc 
Operating Power Supply Current Icc CS = Vit» Ivo = OMA 
Average Operating Current Icc; | Min. Cycle, Duty: 100%, jo = OmA 





iH? Vin = Vin Or Viz 


S= Vcc -0.2V 
VIN < 0.2V or VIN = Vcc -0.2V 


Isp 
Standby Power Supply Current 


2) 


é J 
= 
ed 
eo) 
o 
| 
3 


Output Low Voltage OL 
Output High Voltage Vou 





Oo Ww 


<i< 


Al 
™” 
Il 
< 
iN 


— 
© 
=o 

| 

| 

= 


@ AC TEST CONDITIONS 


¢ Input Pulse Levels: Vgc to 3.0V ¢ Input Rise and Fall Time: 4ns 
e Input and Output Reference Levels: 1.5V © Output Load: See Figure 


+5V +5 V 
4802 Dout 4800 


30 pF * 2550 5 pF* 


Output Load B 
Output Load A (for tyz, tz, tonz: toLz» twz & tow) 





*Including scope and jig capacitance. 
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over K 


ry 
ho 
© 


Unit 
pA 


pA 


mA 
mA 


mA 


HM6709A Series 


M@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 





tem Symbol Max. [Uni 
input Capacitance cw | vw=ov | — | - | 6 | oF 
Input/Output Capacitance | Cy | Vyo=0V | — [| — | 0 | 9 


NOTE: This parameter is sampled and not 100% tested. 
@ AC CHARACTERISTICS (Vcc = SV + 10%, T, = 0°C to 70°C, unless otherwise noted.) 
e Read Cycle 


Item Unit | Notes 


< 
po) 
Pal 


NM 
o) 
7 
a 
2 
se 
< 
ON 
~ 
jo) 
\O 
‘s 
°. rn 
ae 
< 
on) 
~] 
jan) 
\o 
> 
No 
© 
ee 
< 
vn 
~] 
i) 
\O 
> 
NS) 
NM 


Seta Pa] 
Read Cycle Time = Oa Oe < 
Address Access Time ioe ee a ei 
Chip Select Access Time ce a a 
Chip Selection to Output in Low Z tz | 3 {| — | 3 [| — | 3 | — [ os | 12 
Output Enable to Output Valid toe | oO | 8 | O | 0 | O | 10 | ns | — 
Output Enable to Output in Low Z ltiz | 3 | — | 3 [| — | 3} = | os | 1,2 
Chip Deselection to Output in High Z | ty | o | 6 | Oo | 8 | O | 10 | os | 1,2 
Output Hold from Address Change tou | 3 ; — | 3 | — | 3 | — | os | — 


NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 


e Write Cycle 


HM6709A-20 | HM6709A-25 

— Min. | Max. | Min. | Max. | Min. | Max. ee 
Write Cycle Time qe oe ore fone 
Chip Selection to End of Write | tw | 0 | — | 5 | — | 20 [| — | ns | — 
Address Setup Time iO cee (oe 
Address Valid to End of Write | tw | 1 | — | 5 | — | 20 | — | os | — 
Write Pulse With a Ol 
Write Recovery Time we Or So Oe 
Wirite to Output in High Z iw | o [6 f|o ps) o | 0 | as | 23 
Data Valid to End of Writ a ee ee a 
Data Hold Time po ee a ae 
Output Disable to Output inHighZ | tonz | 0 | 6 | O | 8 | 0 | 10 | ns | 2,3 
Output Active from End of Write | tow | 0 | = [| o | = | o | — | os | 2.3 


NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 
2. This parameter is sampled and not 100% tested. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6709A Series 


@ TIMING WAVEFORM 
e Read Cycle (1) () 


Address 


~ 
a 






SC SSSSSER|Q(_ NA geen L 
S Oo “ LLMLLLLLEL LL 
a as Be 


: 


anes 
Data Out | Ce 


High Impedance 


Data Valid 


/"\ 


e Read Cycle (2) (1) (2) (8) 
tre 


Address 


taa tou 


Data Out —_ Previous Data Valid XXXX > Data Valid X xX 


e Read Cycle (3) (1) (3) (4) 


: 


CS 





Data Valid 





Data Out High Impedance 


NOTES: 1. WE = Vin 
2. CS = Vit. 
3. OE = Vit. 
4. Address valid prior to or coincident with CS transition low. 
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HM6709A Series 


e Write Cycle (1) (OE = H, WE Controlled) 





twc 
= ws SS 


_ ne 
. LN 


RX 
VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV, YY SV V/V 
Datain XXX XKKKKKAKX 


High Impedance 


H 


Data Out 


e Write Cycle (2) (OE = H, CS Controlled) 





Address 


twr 
twpP( 


EE SSS 
VY YY YY YY YY VV YY VYVYYY YY 
Data In XXXXKX COCCCCeccee XK 


High Impedance 
Data Out 
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HM6709A Series 


¢ Write Cycle (3) (OE = Clocked, WE Controlled) 


two 


Address 


oe (im 


oS SSS I 


= ae 

WE N 

7 ea bt 
tonz (2) toLz(2 

Data Out ou 


twrR 
mpedance 
tow tpH 
/\LN \/\ 


Data In 


e Write Cycle (4) (OE = Clocked, CS Controlled) 


twc 


= LLL SSNS 


: a a 


twp (1) 


WE SSX CEPMPMAXZXXLZ” 


DH 


fe eee eae 
Data In XK ___Datavalid XD 


High Impedance 
Data Out 


Address 
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HM6709A Series 


e Write Cycle (5) (OE = L, WE Controlled) 


Address | 












tOH 
>>>) > aaa Ke OKK 
DW DH 
eines ee 
Data In High Impedance CK datavaid SS (5) High Impedance 


¢ Write Cycle (6) (OE = L, CS Controlled) 


t 
Address 


” — 
_ pe tw we 
WE SR OFPLMZEXEXLELIE 


tz 


Data Out gw > High Impedance 


tpw tbH 
. Cas ies 
Data in | —~on impedance CK _Datavalid — AXXXXXXKX 


NOTES: _ 1. A write occurs during the overlap (twp) of a low CS and a low WE. 

During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 

be applied. 

. Output data is the same phase of write data of this write cycle. 

If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 

. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 
outputs must not be applied to them. 

6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 

high impedance state. 





= 
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HMG207 Series— —M— 


262144-word x 1-bit High Speed CMOS Static RAM 


The Hitachi HM6207 is a high speed 256k static RAM or- 
ganized as 256-kword x 1-bit. It realizes high speed access time 
(35/45 ns) and low power consumption, employing CMOS 
process technology and high speed circuit designing technology. 
It is most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. The HM6207, packaged in a 300 mil 
plastic DIP, is available for high density mounting. 

Low power version retains the data with battery back up. 





Features 
@ High Speed: Fast Access Time 35/45 ns (max.) 
@ low Power 
Standby: 100 uW (typ.)/30 wW (typ.) (L-version) Pin Arrangement 
Operation: 300 mW (typ.) 
Single 5V Supply and High Density 24 Pin Package 
Completely Static Memory: 
No Clock or Timing Strobe Required 
Equal Access and Cycle Time 
Directly TTL Compatible: All Inputs and Outputs 
Capability of Battery Back Up Operation (L-version) 


(DP-24NC) 


Ordering Information 











Type No. Access Time Package 
HM6207P-35 35 ns 
HM6207P-45 45 ns 
300-mil 24-pin Plastic DIP 
HM6207LP-35 35 ns 
HM6207LP-45 45 ns 
Absolute Maximum Ratings (Top View) 
Item Symbol Rating Unit 
Voltage on Any Pin RelativetoVss VT -0.5"l to+7.0 V Pin Description 
Power Dissipation Pr 1.0 W Pin Name Function 
Operating Temperature Topr 0 to +70 °C AO-A17 AAdies 
Storage Temperature Tstg —55 to +125 °C Din Data Input 
Storage Temperature under bias Tbias —10 to +85 °C Dout Data Output 
Note) *1. -—2.5V for pulse width < 10ns. ____ Ss ohee Chip Select ___ 
WE Write Enable 
Vcc Power Supply 
Vss Ground 
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HM6207 Series 


Block Diagram 


Al5 





Al6 








Al7 
AO 


—~>— Vee 
Memory Array 
256 X 1,024 


=— Vss 
Al 
A2 
A3 
A4 


Column I/O 


Column Decoder 


Al4A13 A12A11 A8 A7 A6 A5 Al0 AQ 






Din 


Function Table 





CS WE Mode Vcc Current Dout Pin Ref. Cycle 
HX ___NOTSELECTED _Isp,!spi_ _— HIGH-Z ao 

L H READ _ Icc Dout READ CYCLE 

L L WRITE Icc HIGH-Z WRITE CYCLE 


Note) X means don’t care. 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 





Parameter Symbol min typ max Unit 
Vcc 4.5 5.0 5.5 Vv 
Supply Voltage 
upply ag Vss 0 0 0 V 
Input High (logic 1) Voltage Vin 2.2 _ 6.0 Vv 
Input Low (logic 0) Voltage VIL -0.5"! —- 0.8 V 


Note) *1. —2.0V for pulse width S10 ns 


DC and Operating Characteristics (Ta = 0 to +70°C, Vec = 5V + 10%, Vsg = OV) 


Parameter Symbol min typ "2 max Unit Test Condition 
Vcc = MAX. 
Input Leakage Current pr - — 2.0 A 
P g LI g Vin = Vgg to Voc 
Output Leakage Current Ito! Be = 10.0 uA CS = Vin 
; Vout = Vss to Vcc 
Operating Power Supply Current Icc = 60 100 mA CS = Vit 
Iout = OmA, min. cycle 
Standby Power Supply Current Isp ~ 15 30 mA CS = Vyy, min. cycle 
- 0.02 2.0 CS > Vec-0.2V, 
Standby Power Supply Current (1) IsBi Sea ET ga a Ove: Vin $0.2V or 
7 eave is Vin 2 Voc-0.2V 
Output Low Voltage VoL - _ 0.4 Vv Io_ = 8mA 
Output High Voltage VoH 2.4 — — Vv Ion = 4.0mA 


Note) *1. Typical limits are at Vcc = 5.0V, T, = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
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AGO 7S rie 6 i 


Capacitance (Ja = 25°C, f= 1.0MHz) 








. Parameter Symbol Min Typ Max Unit Conditions 
Input Capacitance Cin - —- 6.0 pF Vin = 0V 
Output Capacitance Cout _ - 10 pF Vout = OV 








Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Ta= 0 to +70°C, Vec= 5V + 10%, unless otherwise noted.) 


AC Test Conditions 
@ Input pulse levels: Vogto 3.0V @ Input and Output timing reference levels: 1.5V 
@ Input rise and fall times: 5ns @ Output load: See Figures. 


Output Load (A) Output Load (B) 


+5V (for tyz, tiz, twz & tow) 
+5V 


* Including scope & jig. 





Read Cycle 
Parameter Symbol sia eal Me ao20/ Unit Notes 
min max min max 

Read Cycle Time tRC 35 ~ 45 — ns *] 
Address Access Time t4A - 35 ~ 45 ns 

Chip Select Access Time tacs ~ 35 _ 45 ns 

Output Hold from Address Change tOoH 5 ~ ) - ns 

Chip Selection to Output in Low Z tLZ 5 _ 5 — ns a Wh Peal | 
Chip Deselection to Output in High Z tHZ 0 30 0 30 ns sai? Phas Pill | 
Chip Selection to Power Up Time tPU 0 - 0 _ ns *7 

Chip Deselection to Power Down Time tPD — 30 _ 40 ns “il j 


Timing Waveform of Read Cycle No. qh*s 


ton 


VOCONG, AX 
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HM6207 Series 





Timing Waveform of Read Cycle No. 2° 





Impedance 
tpp 


Vec supply 


current 





Notes) *1. All Read Cycle timings are referenced from last valid address to the first transitioning address. 
*2. At any given temperature and voltage condition, tz77 max. is less than tz 7 min. both for a given device and from 
device to device. 
*3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
*4. WE is high for READ Cycle. oe 
*5. Device is continuously selected, while CS = V7, . 
*6. Addresses valid prior to or coincident with CS transition low. 
*7, This parameter is sampled and not 100% tested. 


Write Cycle 


Parameter Symbol ee eee Ce aa Unit Notes 
min max min max 

Write Cycle Time twc 35 — 45 — ns *2. 
Chip Selection to End of Write tcw 30 - 40 - ns 

Address Valid to End of Write LAW 30 _ 40 — ns 

Address Setup Time tas 0 _ 0 — ns 

Write Pulse Width twP 25 _ 25 — ns 

Write Recovery Time twR 3 — 3 _ ns 

Data Valid to End of Write tpw 20 — 20 - ns 

Data Hold Time tDH 0 — 0 _ ns 

Write Enable to Output in High Z twz 0 20 0 25 ns *3, *4 
Output Active from End of Write tow 0 _ 0 — ns +374 
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HM6207 Series 


Timing Waveform of Write Cycle No. 1 (WE Controlled) 





NS 


_tas 





QO 
wn 





at ~=—=———— 





Din 4 Data in Valid Lo 


twz low 


Dout 
High [Impedance 


Timing Waveform of Write Cycle No. 2 (CS Controlled) 


240 


«e WOW LZ 


—— 


Data in Valid 






High Impedance 
. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 


. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
. Transition is measured t+200mV from steady state voltage with specified loading in Load B. 
. This parameter is sampled and not 100% tested. 
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HM6207 Series 


Low Vcc Data Retention Characteristics (Ta = 0 to +70°C) 
(This characteristics is guaranteed only for L-version) 








Parameter Symbol min typ. max. Unit "Test Condition 
Vcc for Data Retention VDR 2.0 = = Vv CS 2 Vcc -0.2V 
Data Retention Current ICCDR _ pi 50°2 MA on = VEE is 
“Chip Deselect to Data Retention Time tcpr. 0-8 See retention 
Operation Recovery Time tR tre! _ sok ns Waveform 
Note) *l. tpc=ReadCycleTime *2. Voc=3.0V 


Low Vcc Data Retention Waveform 





Data Retention Mode 


CS2 Vcc —0.2V 





© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 241 


@ HITACHI 
242 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 (415) 589-8300 











HM6207/HM6207H Series 
1-Bit CMOS Static RAM 


262144-Word x 1-Bit High Speed CMOS Static RAM 


The Hitacht HM6207 and HM6207H are high speed 256k 
static RAMs organized as 256-kword x 1-bit. They realize high 
speed access time (25/35/45ns) and low power consumption, 
employing CMOS process technology and high speed circuit 
design technology. It is most advantageous wherever high 
speed and high density memory is required. 

The HM6207 and HM6207H are packaged in the industry 
standard 300-mil, 24-pin plastic DIP The HM6207H is also 
available in a 300-mil, 25-pin plastic SOJ package for high 
density mounting The low power versions are ideal for battery 
backed systems. 





(DDP-24NC) 


Features 
e Single 5 V supply and high density 24-pin package 
e High speed 
Access time: 25/35/45 ns (max ) 
e Low power 


Active. 300 mW (typ ) 
Standby: 100 pW (typ ) 
30 »W (typ ) (L-version) 


¢ Completely static memory requires 
No clock or timing strobe requires 

e Equal access and cycle time 

¢ All inputs and outputs TTL compatible Pin Arrangement 

e Capability of battery back up operation (L-version) 


(CP-24D) 





Ordering Information 







































































Type No Access Time Package 
HM6207P-35 35 ns 
HM6207P-45 45 ns 300-mi11 
HM6207HP-25 25 ns 24-pin 
HM6207HP-35 35 ns plastic DIP 
HM6207HLP-25 25 ns (DP-24NC) 
HM6207HLP-35 35 ns 
HM6207HJP-25 25 ns 300-mil 
HM6207HJP-35 35 ns 24-pin 
HM6207HLJP-25 25 ns plastic SOJ 
HM6207HLJP-35 35 ns (CP-24D) 
Pin Description 
Pin Name ~ Function 
AO — Al7 __ Address — 
Din __Data input 
__Dout ; Data output 
CS ___ Chip select 
WE Write enable 
— Vec_ - Power supply 
Vss Ground 
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HM6207/HM6207H Series 


Block Diagram 





Al5 

Al6 

Al7 a—— Veco 
AO Memory Array eee 





256 X 1,024 





Al 
A2 
A3 
A4 


Column I/O 


Column Decoder 













Function Table 





cs WE Mode Vcc Current ~-*/O Pin Ref. Cycle 
H x Not selected Isp, Ispi High-Z — 
L H Read Icc —_ Dout Read cycle —_ 
L L Write Icc High-Z Write cycle 





Note: means don't care. 


Absolute Maximum Ratings 











Item Symbol Value Unit 
Voltage on any pin relative to Vss Vin 0.5"! to +7.0 V 
Power dissipation Pr 1.0 WwW 
Operating temperature range Topr 0 to +70 °C 
Storage temperature range Tstg —55 to +125 ss 
Storage temperature range under bias Tbias ~—10 to +85 °C 


Note: *1. Vin min = -2.5 V for pulse width < 10 ns. 
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HM6207/HM6207H Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Item Symbol Min Typ Max Unit 
Simply. voltaze Vcc 45 5.0 5.5 V 
Vss 0 0 0 V 
Input high (logic 1) voltage Vin 2.2 — 6.0 V 
Input low (logic 0) voltage Vi. 0.5") — 0.8 V 


Note: *1. Vi min =-2.0 V for pulse width < 10 ns. 


@ DC Characteristics (T,, = 0 to +70°C, Vcc = 5 V + 10%, Vss = 0V) 








Item Symbol | Min Typ *! Max Test Conditions 
akage Vcc = Max 
CS =V 
Output Leakage Current I A a 
; ‘ CS _ ViL: lyo =0 mA, 
Standby Power Supply Current Isp | - [| 5 | 30 | mA ae 
CS = Viy. Min Cycle 
Standby Power Supply Current Isp — mA 
Standby Power Supply Current (1) Ispy | - | 2 | 200 | ya | CS = Vcc -02V 
OVsesV, = 02Vor 
Note  *1 Typical limits are at Veg = 5.0 V, T, = +25°C and specified loading 
Capacitance (Ta = 25°C, f = 1MHz)"! 
Item Symbol Min Max Unit Test Conditions 
Input capacitance Cin — 6 pF Vin=0V 
Output capacitance Cout — 10 pF Vout = 0 V 
Note: *1. This parameter is sampled and not 100% tested. 
AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted.) 
Test Conditions 
¢ Input pulse levels: Vss to 3.0 V * Input and output timing reference levels : 1.5 V 
¢ Input rise and fall times: 5 ns ¢ Output load: See Figures 
Output Load (A) Output Load (B) 
(for tHz, tLz, twz & tow) 
+5V +5V 
480 2 489.9 
Dout Dout 
255.2 30pF 255 Q SpF 
Note: * Including scope & jig. 
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HM6207/HM6207H Series 


Read Cycle 
= [oom | mor | . 
Address Access Time tad | — | 23% | — | 35 | -— | 45 | ns 
Output Hold From Address Change tou | 5 | = | 5 lee ee | ns 
Chip Selection to Output in Low-Z tiz*! SS ee ns 
Chip Deselection to Output in High-Z tyz*! aa See ae See aes ns 
Chip Selection to Power Up Time | tu | o | — | o | -— | o | = | ns 
Chip Deselection to Power Down Time tpp — Fis | = | 2 Ff = | 40 | ns 


Note *1 Transition 1s measured +200 mV from steady state voltage with Load (B) This parameter 1s sampled and not 100% tested 


Read Timing Waveform (1) *:°? 











trac 


taa 
ton ton 
Dout Data Invalid Data Valid ‘» 














Read Timing Waveform (2) *!.” 





tac 









tne 


eer | acre a 
High Impedance High 


Impedance 








tpp 





Vec supply - —- --—~-——-—-—-—-————4+——_________.________.__ ef} 
Tec 50°. 






current 


Notes: *1. WE is high for read cycle. a 
*2. Device is continuously selected, CS = VL. 
*3. Address valid prior to or coincident with CS transition low. 


© HITACHI 
246 Hitachi America, Ltd ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 





HM6207/HM6207H Series 


@ Write Cycle 


HM6207-35 
HM6207H HM6207-45 
Item Symbol Fats. HM6207H-35 


-25 : 
Max Min Max Min. Ma 
35 


No 


~ 


Write Cycle Time 


<= 

a) 
') 
wn 
as 


Chip Selection to End of Write tcw 
Address Valid to End of Write A 
Address Setup Time A 


Write Pulse Width fetal twp 20 


ee) 
S 
as 
© 


eS) 


- 

NO 
jan) 
as 
fon) 


- 
y=] 


n |= 


¢ ww 


Write Recovery Time 

Data Valid to End of Write 

Data Hold Time 

Write Enabled to Output in High-Z 
Output Active From End of Write tow 


tv 
=) 
tN 
© 


7 
= oc 
™ x = 
wm 


* 


Ny Ww 
nN] © 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Note *1 Transition 1s measured +200 mV from high impedance voltage with Load (B) This parameter 1s sampled and not 100% tested 


Write Timing Waveform (1) (WE Controlled) 








Wk LZZZINILLL 


twe 


- WA 
IN 

ton 

ee 


lwz tow 





i?) 
Nn 





Dout 
High Impedance 
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HM6207/HM6207H Series 


Write Timing Waveform (2) (CS Controlled) 








Ried —-—~---— #6 
En GN 777077777, 


Din € Data Valid 


_ twa 





Dout — Data Undefined 
High Impedance 


Notes: *1. A wnite occurs during the overlap of a low CS and alow WE. 
*2. twr is measured from the earlier of CS or WE going high to the end of wnite cycle. 
*3. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 
in a high impedance state. 
*4. Dout is the same phase of wnte data of this write cycle, if twr is long enough. 
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HM6207/HM6207H Series 


Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 
These characteristics are guaranteed only for L-version. 
































Item Symbol Min Typ Max Unit Test Conditions 
Vcc for data retention VpR 20 —- — Vv end 

; oo : eek ; : CS > Vcc — 0.2 V, 
Data retention current Iccpr — 1 50°2 A 

: — Lares Vin 2 Vcc — 0.2 V or 
Chip deselect to data retention time tCDR 0 —— — ns } 
——_-__-—-—_—- - 0OV<Vin<0.2 V 

Operation recovery time tR tRc*! — ns 











Notes *1. trc= read cycle ume 
*2 Vec=30V. 


Low Vcc Data Retention Timing Waveform 








Data retention mode 


CS 2 Vcc -02V 


@ PACKAGE DIMENSIONS Unit: mm (inch) 


HM6207P/HM6207HP Series HM6207H JP Series 
(DP-24NC) (CP-24D) 


Fl 


2 2070 19 
+0 004 
15 63(0 615) (0 08775 095) 
16 OOmax (0 6%max) 0 60(0 024) 
4 13 


29 88(! 176) 
30 48max (1 200max ) 





(0 290max ) 


wn — 
= ° wWlo 
° i) ™ 
ay Be Ss 
S +/ 4H ta) 
Nn ° ~ 
wo = Min 
~ Cfo 

° 


0 74(0 029) 


(Slo 1010 004 
SEATING PLANE) a 
marcus 1_27(0 050) 


0 01740 004) 


5 08max 
(0 200max ) 
° 

+0 26 


35 
0 138+0 01° 


et te 
~ 
w 


(0 100min ) 


048+01 254+025 
(0 019 + 0.004) (0 100 + 0.010) 
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HMG 707 Series 


262144-word x 1-bit High Speed Hi-BiCMOS Static RAM 


Features HM6707P 
@ Super Fast Access Time : 20/25ns (max.) 


@ Low Power Dissipation 
Operating: 350mW (typ.) (f = SOMHz) 
@ +5V Single Supply 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
@® Balanced Read and Write Cycle Time 
@ Fully TTL Compatible Input and Output 





(DP-24NC) 
Ordering Information HM67073P 
Type No. Access Time Package 
HM6 707P-20 20ns 300mil 24 pin 
HM6707P-25 25ns Plastic DIP 
HM6 707 JP-20 20ns 300 mil 
HM6 707 JP-25 25ns 24 pin SOJ 
(CP-24D) 
Block Diagram 


Pin Arrangement 


ad 


Memory Matrix 


256 X 1024 


o nao ns no & W@W WN 


—_ pet = ot 
a —) 


(Top View) 





Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi’s Sales Dept. regarding specifications. 
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HM6707 Series 


Absolute Maximum Ratings 





Item Symbol Rating Unit 
Terminal Voltage to Vgg Pin Vr —0.5 to +7.0 V 
Power Dissipation Pp 10 £W 
Operating Temperature Range Topp = sC« to 4#70—(‘(itéC CC: 
Storage Temperature Range ‘Tyg SS to+125. OC 


Recommended DC Operating Conditions (Tz = 0 to +70°C) 


























Item Symbol min. typ. max. Unit 
: Voc 4.5 5.0 5.5 V 
ly Volt 
BEE eee Vss 0 0 0 Vv 
vr Ving 22 ~- 6.0 V 
t t 
oa A Vin -0.5*! a 0.8 Vv 
Note) *1 : -3.0 V for pulse width 20ns. 
Function Table 
cs WE Mode Vcc Current Output Pin 
H X Not selected Isp, Jgp1 High Z 
L Read Ico. lec. Dout 
L L Write Ica lec High Z 
DC and Operating Characteristics (Vcc = 5 V +10%, T, = 0 to +70°C) 
Item Symbol min. typ. max. Unit Test Conditions 
Input Leakage Current pr! - - 2 LA Voco=5.5V, Vin=Vgg to Voc 
Output Leakage Current lIro| _ - 10 LA CS = Viz, Vour=V ss to Veo 
Operating Power Supply Current Icc - - 100 mA CS = Viz, Joy =0mA 
Average Operating Current Toc. _ - 120 mA Min. Cycle, Duty : 100%,Jpoy7=O0mA 
Isp - - 30 mA CS = Vin, Vin = Vig 01 Vyz, 
Standby Power Supply Current CS > = 
fa i 7 10 aa CS 2 Voc —-0.2 V 
Vin $0.2 V or Vin 2 Voc -0.2V 
Output Low Voltage VoL - - 0.4 V Io,t =8mA 
Output High Voltage Vou 2.4 - — Vv Ion =-4mA 
© HITACHI 
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HM6707 Series 


Capacitance (7, = 25°C, f = 1 MHz) 


Item Symbol 
Input Capacitance CIN 
Output Capacitance CouT 


max. Unit Test Conditions 
6.0 pF VIN =0V 
10.0 pF VouT=90V 


Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Voc = 5V +10%, Ty = 0 to +70°C, unless otherwise noted) 


AC Test Conditions 

@ Input pulse levels: Vss to 3.0 V 
Input timing reference levels : 1.5 V 
Output Load : See Figure 

Input rise and fall times : 4 ns 
Output reference levels: 1.5 V 


+5V 
4802 
Dout 
2552 30pF* 


Output Load A 


Read Cycle 
Item Symbol 
Read Cycle Time tre 
Address Access Time tAA 
Chip Select Access Time tacs 


Output Hold from Address Change ton 
Chip Selection to Output in Low Z trz 


Chip Deselection to Output , 
in High Z HZ 


+5V 
4802 
Dout 
2552 5pF* 


*including 
scope and jig 


Output Load B 
(for tyz, tz. twz & tow) 


io HM6707-20 | HM6707-25 Unit Notas 
min. max. min. max. 
20 _ 25 — ns ~ 
- 20 _ 25 ns _ 
~ 20 — 25 ns — 
| — 5 - ns ~ 
5 - 5 _ ns LZ 
0 15 0 15 ns 1.2 


Note) 1. This parameter is sampled and not 100% tested. 
2. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 
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TT nnn MNIGZTOT Series 






Read Cycle-1*! 


Address 












Data Out 





Previous Data Valid Data Valid 


Read Cycle-2*2 


4tHZ, 


Data Out High Impedance 





Notes) «1. WE is high and CS is low for Readcycle. __ 
«2. Addresses valid prior to or coincident with CS transition low. 
#3. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 








Write Cycle 
Item Symbol aoe —— Unit Notes 
Write Cycle Time two 20 _ 25 _ ns 2 
Chip Selection to End of Write tow 15 - 20 ~ ns - 
Address Valid to End of Write taw 15 - 20 - ns - 
Address Setup Time tas 0 - 0 _ ns _ 
Write Pulse Width twp 15 — 20 - ns - 
Write Recovery Time twR 3 - 3 - ns - 
Data Valid to End of Write tow 15 - 20 - ns 7 
Data Hold Time ton 0 - 0 - ns - 
Write Enable to Output in High Z twz 0 15 0 15 ns 3,4 
Output Active from End of Write tow 0 - 0 - ns 3,4 


Note) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6707 Series 


Write Cycle-1 (WE Controlled) 


\ NK AL tL L 


—__—_———_- taw —————__——_ > 
<— tas ——> 


twR > 


i |+— twe ——> 
Ni 
Da (ovata | 
| 1 


* 


Data Out Data Undefined High Impedance 





Note) *1. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 


Write Cycle-2 (CS Controlled) 


taw ———————_> |¢ twr 


REE REE a TPE e Ee, 


t 
tpw ———> 24 


Data In 4 Data In Valid 
1 


Data Out Data Undefined High Impedance 





Note) *1. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 
#2. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffer remains in a high impedance state. 
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H M 6707A Se ries — Product Preview 


262144-Word x 1-Bit High Speed Static RAM 


@ FEATURES 
e Super Fast 

Access Time ............00- eee eee 15/20/25ns (max.) 
e Low Power Dissipation ..................00005 400mW (typ.) 


e +5V Single Supply 
¢ Completely Static Memory 

No Clock or Timing Strobe Required 
e Fully TTL Compatible Input and Output 






(DP-24NC) 


all 


(CP-24D) 


@ ORDERING INFORMATION 


Access Time 


15ns 
20ns 
25ns 


15ns 
20ns 
25ns 














Package 


300 mil 24 pin 
Plastic DIP 
(DP-24NC) 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 





HM6707AP-15 
HM6707AP-20 
HM6707AP-25 


HM6707AJP-15 
HM6707AJP-20 
HM6707AJP-25 























@ PIN ARRANGEMENT 
™@ BLOCK DIAGRAM 


=O VEG 
Row Memory Matrix 


256x1024 


Decoder 





1 
2 
3 
4 
5 
6 
7 
8 
9 







Dout 
O 


[ee 
como 
Column VO 
lol bs We 


(Top View) 
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HM6707A Series 
@ ABSOLUTE MAXIMUM RATINGS 


tem Uni 
Terminal Voltage to Veg Pin V 
Power Dissipation ss 
Operating Temperature Range “se 
Storage Temperature Range (with bias) 2c 
Storage Temperature Range °C 


m@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 


fem Unit 
Vv 

—— [vss | 00 [0000 
Input High Voliage Ye 
Input Low Voltage [va | 30" [| os [Vv 
*Pulse width: I5ns, DC: -0.5V 
@ TRUTH TABLE 

CS WE Mode Output Pin 

Hl High Z 

Lot wo] Red ces cs Data Out 

L Writ High Z 


@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, V 


B 
II 
S 
= 


tem Symbol] ____TestCondition Uni 
Input Leakage Current Vec = 5.5V, Vin = Vss to Vec pA 


Bls|lE 


Output Leakage Current CS = Vip. Vout = Vss to Vec pA 
Operating Power Supply Current Icc CS = Vi, Iour = OmA 
Average Operating Current Icc1 in. Cycle, Duty: 100%, Inyy = OMA 


[| al 
I 
< 
BOM ODONO 
S 5 


J 

re pee 
8 
5/5 |5 


[gfe fs 
he S 
5 
> 


tHe Vin = Vin OF Viz 


S= Vcc -0.2V 
< 0.2V or VIN = Vcc ~0.2V 


Standby Power Supply Current 


<9 
Zz 


=| 
ce 
= 


Ourpat Low Voltage Vor v 
Output High Voltage Vou v 


@ AC TEST CONDITIONS 


¢ Input Pulse Levels: Vsg to 3.0V ¢ Input Rise and Fall Times: 4ns 
e Input Timing Reference Levels: 1.5V © Output Load: See Figure 
© Output Reference Levels: 1.5V 


+5V +5 V 
4800 4800 


30 pF * o pF * 


Output Load B 
Output Load A (for tyz, thz, twz & tow) 





*Including scope and jig capacitance. 
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HM6707A Series 


Mi CAPACITANCE (T, = 25°C, f = 1.0MHz) 


tem Synba oT 
ipl Capac a 
Output Capacitance pF 


NOTE: This parameter is sampled and not 100% tested. 





M@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.) 
e Read Cycle 


an 
= 
oN 
~~] 
3S 
i 
a 
tn 
Ly 
< 
a 
S 
S) 
~ 
> 
t 
} 
en 
< 
a 
sd) 
3 
~ 
> 
SS 
Or 


oe Min. | Max. | Min. | Max. HAS | nit nore 
Read Cycle Time Tee [se | —- | >-[sf—- [| — 
Address Access Time ea ae eee 
Chip Select Access Time A 
Onn Hol nomadieeChnce.. male | =o ee ee ae 
Chip Selection to Output in Low Z Postage oi Bee ete Ne Bl ee ce ee loa 1.2 
Chip Deselection to Output in High Z tyz | o | 6 | o | 8 | O | 100 | ns | L.:2 

NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 
e Write Cycle 
es HM6707A-15 HM6707A-25 Gace 
Min Max. 

Write Cycle Time two: |) 20 8 fe 
chpsouoneEmorwie lt |-0 | = (6 | — 9) wo l= te 
Address Valid to End of Write 10 Pee i dS eee | OO | eee hinge © — 
Address Setup Time Se RS ON RR Oe IS 
Write Pulse Width Pee = ose = es 
Write Recovery Time hee Oe | 0 to See 
Data Valid to End of Write eo ie eee oe an 
Data Hold Time pe eS oe oO ees 
Write Enable to Output in High Z twz | o | 6 | o {| 8 | 0 | 10 | ns | 2,3 
Output Active from End of Write tow fo | — {| o {| — | o | — | os | 23 


NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 
2. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 
3. This parameter is sampled and not 100% tested. 
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HM6707A Series 


@ TIMING WAVEFORM 
e Read Cycle (1) (1) 


tre 


tAA 


Address 


bata Out Fev Dia Vai en 


e Read Cycle (2) (2) 


tac 
tacs | | 
tLz (3) tyz (3) 
VVV VY | 
High Impedence High 


Impedence 


NOTES: 1. WE is high and CS 1s low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6707A Series 
e Write Cycle (1) (WE Controlled) 


two 





ac 


RA 7 
tbH 
Data In Data In Valid 


es Eo 


High impedance 


Data Out Data Undefined 


NOTES: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
2. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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HM6707A Series 


e Write Cycle (2) (CS Controlled) 





Address 


es a 
we QQ EEE. 
neat "aa 


twz 
Data Out Data Undefined 
High Impedance 





NOTES: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM628128 Series 


131072-Word x 8-Bit High Speed CMOS Static RAM 








The Hitachi HM628128 is a CMOS static RAM organized 128- 
kword x 8-bit. It realizes higher density, higher performance and low 
power consumption by employing 0.8 um Hi-CMOS process 
technology. 

It offers low power standby power dissipation; therefore, it is 
suitable for battery back-up systems. The device, packaged in a525 
mil SOP (460-mil body SOP) or a 600-mil plastic DIP, is available for 
high density mounting. 






HM628128P Series 





Features 
¢ High speed: Fast access time 70/85/100/120 ns (max.) 
¢ Low power 
Standby: 10 uW (typ) (L-version) 
Operation: 75 mW (typ) 
¢ Single 5 V supply 
* Completely static memory 
No clock or timing strobe required 
¢ Equal access and cycle times 
¢ Common data input and output: Three state output 
¢ Directly TTL compatible: All inputs and outputs 
¢ Capability of battery back up operation (L-version) 
2 chip selection for battery back up 


et 
HM628128FP Series 






(FP-32D) 





Ordering Information Pin Arrangement 

Type No. Access Time Package 
HM628128P-7 70 ns 
HM628128P-8 85 ns 
HM628128P-10 100 ns 600 mil 32-pin 
HM628128P-12 120 ns . 
ictal ih hed aie ree plastic DIP 
HM628128LP-7 70 ns 

(DP-32) 
HM628128LP-8 85 ns 
HM628128LP-10 100 ns 
HM628128LP-12 120 ns 
HM628128FP-7 70 ns 
HM628128FP-8 85 ns 
HM628128FP-12 120 ns plastic SOP 
HM628128LFP-7 70 ns (FP-32D) 
HM628128LFP-8 85 ns 
HM628128LFP-10 100 ns 
HM628128LFP-12 120 ns 
Note: The specifications of this device are subject to change without notice. (Top View) 
Please contact your nearest Hitachi's Sales Dept. regarding 
specifications. 
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HM628128 Series 


Pin Description 


Pin Name Function 

AO — A16 Address 

1/00 — 1/07 Input/output 
CS1 Chip select 1 
CS2 Chip select 2 
WE Write enable 
OE Output enable 
NC No connection 
Vcc Power supply 
Vss Ground 


Block Diagram 










Memory Matrix 


512 X 2,048 





Column 1/0 





Input 
Data 
Control 


Read/Write Control 





WE 
OE o 
Function Table 
‘WE CSi CS2 OE Mode Vcc Current Dout Pin Ref. Cycle 
x H x x Nees eee Isp, Isp1 High-Z 
x x L x Isp, Ispi High-Z 
H L H H Output disable Icc High-Z 
H L H L Read Icc Dout Read cycle 
L L H H Write Icc Din Write cycle (1) 
L L H L Icc Din Write cycle (2) 
Note: x:HorL 
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HM628128 Series 


Absolute Maximum Ratings 





Item Symbol Value Unit 
Voltage on any pin relative to Vss VT —0.5"' to +7.0 V 
Power dissipation Pr 1.0 W 
Operating temperature Topr 0 to +70 “Cc 
Storage temperature Tstg —55 to +125 °C 
Storage temperature under bias Tbias —10 to +85 °C 


Note: *1. -3.0 V for pulse half-width < 30 ns 


Recommended DC Operating Conditions ( Ta = 0 to +70°C ) 


Item Symbol Min Typ Max Unit Note 
Supply voltage Vcc 4.5 5.0 5.5 V 
Vss 0 0 0 V 
Input high (logic 1) voltage Vi Zee — 6.0 V aT oS 
Input low (logic 0) voltage Vit ~0.3"! ae 0.8 V OO 


Note: *1.-—3.0 V for pulse half-width < 30 ns 


DC Characteristics ( Ta = 0 to +70°C, Vcc =5 V+ 10%, VSs = 0 V) 


Item Symbol Min Typ"! Max Unit Test Conditions = 
Input leakage current Tul — — 2 wA Vin = Yss to Vcc 
CS1 = Vm or CS2 = Vn or 
Output leakage current Lol — _ 2 uA OE=Vuior WE=Vu, 


Vyo= Vss to Vcc 
CS1= Vin, CS2 = Vm, 
Operating power supply current: DC Icc — 15 30 mA others = Vin/ViL 
Iyo= 0 mA 
Min cycle, duty = 100%, 
Icca — 45 70 mA  CS1 = Vu, CS2= Vin, 
others = Vin/ViL 
; Iyo=O0mA 
Operating power supply current Cyeleume= ae — 
Ico 8 82— 15 30 mA duty = 100%, Ivo=OmA 
CS1 < 0.2 V, CS2 2Vcc- 0.2 V 
Vin => Vcc—- 0.2V, Vii< 0.2V 








Standby power supply current: DC Isp — 1 3 mA  CS1 = Vm, CS2= Vm 
or CS2= Vit 
— 0.02 2 mA Vin20V 
CS1 2 Vcc - 0.2 V, 
Standby power supply current (1): DC [ssi ~~9#2_7 992 ZA CS2>Vec-0.2 V or 
0OV<CS2<0.2V 
Output low voltage VoL — — 0.4 Vv loo=21mA | 
Output high voltage Vow 24 £— _ Vo oJon=-10mA = ——™ 





Notes: *1. Typical values are at Vcc = 5.0 V, Ta = +25°C and specified loading. 


*2. This characteristics is guaranteed only for L-version. 
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HM6281 28 Series 


Capacitance ( Ta = 25°C, f = 1.0 MHz) 


Item Symbol Min Typ Max Unit Test Conditions 
Input capacitance Cin — — 8 pF Vin=0V 
Input/output capacitance Cro — — 10 pF Vio = 0 V 


Note: This parameter is sampled and not 100% tested. 


AC Characteristics ( Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted ) 

Test Conditions 

¢ Input pulse levels: 0.8 V to 2.4 V ¢ Input and output timing reference levels: 1.5 V 

¢ Input rise and fall times :5 ns ¢ Output load: 1 TTL Gate and CL (100pF) 
(Including scope & jig) 





Read Cycle 
Item Sibel _HM628128-7 HM628128-8 HIM628128-10 HM628128-12 4. Note 
Min Max Min Max Min Max Min Max 
- Readcycletime = tre 70 — 8 — 100 — 120 — ns 
_ Addressaccesstime ta — 70 — 8  — 100 — 120 ns © 
Chip selection (CS1) tco1 — 70 == 85 — 100 == 120 ns 
to output valid 
Chipselection(CS2) = tcorn «36h — Ss 702i so 85 (eC — «21002C:*CiC sér1200—Ssits 
to output valid 
- Outputenable(OE)  =———sstoen—(#s$Ga i el Cli HS c(i CCC ——“‘<COOt—iSC—(<Ci‘;C;«C~S*# 
to output valid 
- Chipselection(CS1) tuzan—(#$s sd 10 ———ia207Ds — —)—sSsd07s— 10 ong 
to output in low-Z 
~ Chip selection(CS2).. ~+tz +410 +— #480 — #410 — 10 — ns 2 
to output in low-Z 
- Outputenable(OE) = torz— (sa (SO tC SOS 
to output in low-Z 
Chip deselection (CS1) tHZ1 0 25 0 30 0 35 0 45 ns. le *4e%8 
to output in high-Z 
Chip deselection (CS2) tHz2 0 25 0 30 0 35 0 45 ng. "2s" 
to output in high-Z 
Output disable (OE) tonz 0 25 0 30 0 35 0 45 mse re? 
to output in high-Z 
Output hold from toH 10 — 10 — 10 — 1i0 — ns 


address change 
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HM628128 Series 


Read Timing Waveform” 











oe SN te 


Ae Ee eee ee Se et as 
8 TTF |XX 
7 a ine 
OE AA we OM AVE 
7 ae 
Cee ee 


Notes: *1. tz and torz are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output 
voltage levels. 
*2. At any given temperature and voltage condition, tz max is less than t.z min both fora given device and from device to device. 
*3. This parameter is sampled and not 100% tested. 
*4, WE is high for read cycle. 








Write Cycle 
HM628128-7 HM628128-8 |HM628128-10 HM628128-12 : 
Item Symbol +2 ee es | Unit: Note 
Min Max Min _ Max Min Max Min Max 
Write cycle time twc 70 — 85 — 100 — 120 — ns 
Chip selection to tcw 60 — 75 — 90 — 100 — ns 
end of write 
Address setup time tas 0 — 0 — 0 — 0 — ns 
Address valid to taw 60 — 75 — 90 — 100 — ns 
end of write 
Write pulse width twp 55 — 65 — 75 — 85 — ns 
Write recovery time twR 5 — 5 — 5 — 10 — ns 
10 — 10 — 10 — 15 — ns *11 
Write to output twHz 0 29 0 30 0 35 0 40 ns *10 
in high-Z 
Data to write time tow 30 — 35 — 40 — 45 — ns 
overlap 
Write hold from toH 0 — 0 — 0 — 0 — ns 
write time 
- QOutputactivefrom stow —t—“i“Cti‘i‘i !”!”!SCOCS!™C.C~<“<—«~—CS ee ”~—<“:CSSO Ng 
end of write 
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HM628128 Series 


Write Timing Waveform (1) (OE Clock) 


twe 


ee IIT LF SS 
SS Nes SD 77 
ae SAS AL ASS LIL 


se ZZZZIVTZALH 
ta" 


POO 





Em III 


Dot \NVANNANANV VV AOA 
CAD D A ALA AS ALLS 


tow tox 
> 
z OK XX 


Write Timing Waveform (2) (OE Low Fix) 


two 


Address | | 


SAO ALLE LLL LLL 





a: 
n; 


se TTHTTILR a 


ns ee A Cee 


twuz"? tow “7 *8 
Dout ee YN ee SZ 
NK MANKA 


tow tou 2 
i CX Pe 
ZN AL LLLS LS 


Notes: *1. A write occurs during the overlap of alow CS1, a high CS2 and a low WE. A write begins at the latest transition among CS1 
going low, CS2 going high and WE going low. A write ends at the earliest transition among CS1 going high, CS2 going low 
and WE going high. twr is measured from the beginning of write to the end of write. 

*2. tcw is measured from the later of CSI going low or CS2 going high to the end of write. 

*3. taS is measured from the address valid to the beginning of write. 

*4. twR is measured from the earliest of CS1 or WE going high or CS2 going low to the end of write cycle. 

*5. During this period, I/O pins are in the output state; therefore, the input signals of the opposite phase to the outputs must not 
be applied. 
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*6. 
eT. 
*8. 
*9. 


*10. 
* 14. 





HM6281 28 Series 


If CS1 goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 
Dout is the same phase of the latest written data in this write cycle. 

Dout is the read data of next address. 

If CS1 is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the input signals of the opposite 
phase to the outputs must not be applied to them. 

This parameter is sampled and not 100% tested. 

This value is measured from CS2 going low to the end of write cycle. 





Low VCc Data Retention Characteristics ( Ta = 0 to +70°C ) 
(This characteristics is guaranteed only for L-version.) 


Item Symbol Min Typ Max Unit Test Conditions”? 


CS1 > Vcc- 0.2 V, 
CS2 > Vcc —0.2 V 


Vcc for data retenti V 2.0 — — V 
cc for data retention DR or 0 VECS§2<02V 
Vin2=0V 
Vcc = 3.0 V, Vin 20 V 
Data retention current Iccpr — 1 50"! pA CS1 2 Vec- 0.2 V, 
CS2 2 Vcc — 0.2 V or 
0OV<CS2<0.2V 
Chip ees to aw retention time tCDR 0 — — ns Gan Renta Wavelacn 
Operation recovery time IR 5 — — ms 
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HM628128 Series 


Low Vcc Data Retention Timing Waveform (1) (CSI Controlled) 








Notes: *1. 20 pA max at Ta=0 to 40°C. ae — 
*2. CS2 controls address buffer, WE buffer, CS1 buffer and OE buffer and Din buffer. If CS2 controls data 1:etention mode, Vin 


levels (address, WE, OF, CS1, I/O) can be in the high impedance state. If CS1 controls data retention mode, CS2 must be CS2 
2 Vcc- 0.2 V or 0 V S$ CS2 $0.2 V. The other input levels (address, WE, OE, I/O) can be in the high impedance state. 
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HM624256 Series 


4-Bit CMOS Static RAM 


HM624256 SERIES 








262144-WORD x 4-BIT HIGH SPEED CMOS STATIC RAM 


The Hitachi HM624256 is a high speed 1M static RAM 
organized as 256-kword x 4-bit. It realizes high speed access 
time (35/45 ns) and low power consumption, employing CMOS 
process technology and high speed circuit designing technology. 
It is most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for main 


frame or 32-bit MPU. 


The HM624256, packaged in a 400-mil plastic SOJ Is 


available for high density mounting. 

@ FEATURES 

e Single 5 V supply and high density 28-pin 
package (DIP and SOV) 

e High speed: Fast access time 35/45 ns (max.) 


e Low power 
Operation: 350 mW (typ.) 
Standby: 100 »W (typ.) 


¢ Completely static memory: 
No clock or timing strobe required 


e Equal access and cycle time 
e Directly TTL compatible: All inputs and outputs 


@ ORDERING INFORMATION 


Access Time 













Package 


HM624256P-35 400 mil 
HM624256P-45 28-pin 
HM624256LP-35 Plastic DIP 
HM624256LP-45 (DP28C) 





HM624256JP-35 400 mil 








HM624256JP-45 28-pin 
HM624256LJP-35 Plastic SOJ 
HM624256LJP-45 (CP-28D) 


@ PIN DESCRIPTION 


Pin Name Function 
Ao-Ay7 Address 
1/0,-1/O4 Input/Output 
cs Chip Select 
OE Output Enable 
WE Write Enable 
Vcc Power Supply 
Vss Ground 


(DP-28C) 


(CP-28D) 





PIN ARRANGEMENT 


(DIP and SOJ) 
Top View 


om nN OO & W YO 





Note: The specifications of this device are subject to change without notice 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications 
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HM624256 Series 


@ BLOCK DIAGRAM 


Row Memory Array 
Decoder 256 X 1,024 





@ FUNCTION TABLE 


; - 
NOTE: xX HorL 
@ ABSOLUTE MAXIMUM RATINGS 
Voltage on any Pin Relative to Vgg Vv 
Operating Temperature Range sg 
Storage Temperature Range i, 
Storage Temperature Range Under Bias °C 


NOTE: *1 V;min = -2 0 V for pulse width < 10 ns 
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HM624256 Series 


@ RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C) 


Item _— 





Input High (Logic 1) Voltage 


Input Low (Logic 0) Voltage = 


NOTE: *1! V,, min = -2 0 V for pulse width < 10 ns 


™@ DC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5 V + 10%, Vss = 0V) 


Input Leakage Current yl 2.0 pA Vcc = max. 

Vin = Vss to Vcc 
Output Leakage Current lILol 2.0 pA CS = Vin 

Vout = Vss to Vec 


</<|< 


Operating Power Supply Current 


70 120 mA CS = Viz, Ion = 0 mA, 
min. cycle 


Standby Power Supply Current | 30 | | mA CS = Vin> min. cycle 


Standby Power Supply Current (1) Igpy 2 0.02 2.0 mA CS = Voc - 0.2 V 
Iggy? = 0.2 mA OV <V,, = 0.2 Vor 
Vin = Vcc -0.2V 


NOTES: *1 Typical limits are at Vo. = 5 0 V, T, = 25°C amd specified loading 
*2 JP-version 
*3 LJP-version 


@ CAPACITANCE (T, = 25°C, f = 1MHz) 


Vio = 0 
NOTE: 1 This parameter is sampled and not 100% tested 


@ AC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted.) 

Test Conditions 

.© Input pulse levels: Vss to 3.0 V ¢ input and output timing reference levels: 1.5 V 
e input rise and fall times: 5 ns ¢ Output load: See Figures 


Input Capacitance 


Output Load (A) Output Load (B) 
+5V (for tcyz, tciz> twuz & tow) 
+5V 





NOTE: *Including scope & jig 
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HM624256 Series 


@ Read Cycle 


HM624256-35 HM624256-45 
Unit 


ns 


Item Symbol 


7) 
FA) 


iN 
oN 


Read Cycle Time trc 


ee 
v1) 
> 
~ 


Address Access Time taa ns 


Chip Select Access Time tacs ns 


Chip Selection to Output in Low-Z tciz’! ns 


wo 
17) 
1o 


nN 
Ww 


Output Enable to Output Valid 


oe 


O ns 


Output Enable to Output in Low-Z toiz’! ns 


ty 
© 
N 
o 


Chip Deselection to Output in High-Z tcn7'! ns 


ies] 


.o7) 


Chip Disable to Output in High-Z tonz ! 
Output Hold From Address Change 


ns 


ns 


-- 


Chip Selection to Power Up Time ns 


PU 


Ww 
© 


ns 


hf lste ef le 


Chip Deselection to Power Down Time 


Read Timing Waveform (1) “1, °2 






= WH WITT 
= Wy ee eis 
Ce cer | pane 


= 
Dout Nf \/ 
ED 0 
Read Timing Waveform (2) “1, “2, °3, °5 


Address 


Dout 
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HM624256 Series 
Read Timing Waveform (3) “1; °2, “4, °5 


Cs 





Dout 





NOTES: *1 Transition 1s measured +200 mv from steady state voltage with Load (B) This parameter is sampled and not 100% tested 
*2 WE 1s high for read cycle 
*3 Device 1s continuously selected, CS = VIL 
*4 Address valid prior to or coincident with CS transition low 
*5 OE = VIL 


@ Write Cycle 


Chip Selection to End of Write | tw | 3 | - | 4 | - | ns 
Address Valid to End of Write | tw =f 30 | CT | ns 
Wt Fle Wi Pied a ee ee 
Output Disable to Output in High-Z*! | toz | 0 | © | Oo | Bb | ns 
Data to Write Time Overlap a ee ee ns 
Data Hold From Write Time | te | oo | -— [| o | = | ns 
Output Active From End of Write”! | tw | o | - | o [| - | ns 


NOTE: 1 Transition 1s measured + 200 mV from steady state voltage with Load (B) 
This parameter 1s sampled and not 100% tested 


Write Timing Waveform (1) 


twe 


Address 


« Si ANA 
2 QQ 77 
es NW 


tonz ea 


“, Moe ea 7 
| i ay Sy iy a ae a a a tow ton 


be OK XXX 


al 
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HM624256 Series 


Write Timing Waveform (2) *6 


twe 


eANANNNNN 9470000011 


An Sena 


oo Si a KIT 
1 a a, WAZA 


= 


tow ton” 


i AK 


NOTES: *1 Transition is measured +200 mV from high impedance voltage with Load (B) This parameter is sampled and not 100% tested 
*2 A write occurs during the overlap (twp) of a low CS and a low WE 
*3 twr 1s measured from the earlier of CS or WE going high to the end of write cycle 
*4 During this period, I/O pins are in the output state so that the input signals of the opposite phase to the outputs must not be applied 
*5 If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output remain in a high impedance state 
*6 OE 1s continuously low (OE = VIL) 
*7 Dour 1s the same phase of write data of this write cycle 
*8 Dour ts the read data of next address 
*9 If CS 1s low during this period, I/O pins are the output state Then the data input signals of opposite phase to the outputs must not be applied to them 


& 


24708 
(0 09459 208) 
0 63(0 025)MIN 


(DP-28C) | | | (CP-28D) 


18 S4(0 73)max 


34 70(1 366) 
35 56max(1 400max) 15 
atameatatead a’ aaa 


10 16(0 400) 
i] 1840 13 
(0 440+0 005) 
9 4+0 25 
(0 370+0 0!) 


~_~ won 
Six x 
am} 8 
e & 
eCl-g 
a a) 
COINS 
a — 


CO ero mnnrmornarerraramrmnaranaaneenenhy 
LJ a Ly 1) 


ifloe fi13 
) 


(0 035) (0 051 


3 5+0 26 
(0 13840 01) 


(SEATING PLANE) | 
[i 27(0 050) 


0 43+0 10 
(0 017+0 004) 


51min 
(0 020min) 


2 S4min 5 08max 
(0 100min ) (0 200max) 


te: 


| | 2 5440.25 | 0 4820 1 


(0 100+0 010) (0 019+0 004) 0°~ 15 
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HM624257 Series ———____Unaer Development 
4-Bit CMOS Static RAM 


HM624257 SERIES 
262144-WORD x 4-BIT HIGH SPEED CMOS STATIC RAM 


The Hitachi HM624257 is a high speed 1M static RAM 
organized as 256-kword x 4-bit. It realizes high speed access 
time (35/45 ns) and low power consumption, employing the 
advanced CMOS process technology and high speed circuit 
designing technology. It is most advantageous for the field where 
high speed and high density memory is required, such as the 
cache memory for main frame or 32-bit MPU. 

The HM624257, packaged in a 400-mil plastic SOJ ts available 
for high density mounting. 





@ FEATURES 


e Single 5 V supply and high density 32-pin package (SOJ) 
¢ High speed: Access time 35/45 ns (max.) 


e Low power dissipation 
Active mode: 350 mW (typ.) 
Standby: 100 »W (typ.) 


Completely static memory: 
No clock or timing strobe required 


¢ Equal access and cycle time (CP-32D) 





¢ Directly TTL compatible: All inputs and outputs 


@ ORDERING INFORMATION 


Access Time 








PIN ARRANGEMENT 


Package Top View 









HM6242573P-35 400 mil 
HM624257JP-45 45 ns 32-pin 1 
HM624257LJP-35 Plastic SOJ 2 
HM624257LJP-45 45 ns (CP-32D) 3 
4 
™@ PIN DESCRIPTION ; 
Pin Name Function 7 
Ag-Ay7 Address 8 
I,-ly Data Input 9 
1,-O4 Data Output 
CS Chip Select 
WE Write Enable 
Vec Power Supply 
Vss Ground 
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HM624257 Series 


@ BLOCK DIAGRAM 


Memory Arrray 


Row 
Decoder 256 X 1,024 


Input 
Data 
Control 





@ ABSOLUTE MAXIMUM RATINGS 





Voltage on any Pin Relative to Vgs ~0.5"! to +7.0 V 
Storage Temperature Range -55 to +125 °C 
Storage Temperature Range Under Bias -10 to +85 a © 
NOTE: *I V,,min = -2 0 V for pulse width < 10 ns 
@ FUNCTION TABLE 


Not Selected Isp, Ispy 


High-Z — 
Read Cycle()-@) 
High-Z Write Cycle)-@) 


QO 

) 
Q 
c 
= 
oO 
=I 


H 
L 
L 


NOTE: xX HorL 
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HM624257 Series 


@ RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C) 


a a a 
ee 


Input High (Logic 1) Voltage IH 


Input Low (Logic 0) Voltage Vit 


NOTE: *1 V,, min = -2 0 V for pulse width < 10 ns 





NS) 
N 
<jp<t< 


™ DC CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V + 10%, Vsg = 0 V) 


Item Symbol Min. Typ."! Max. Test Conditions 


Input Leakage Current oy 2.0 pA Vcc = max. 

Vin = Vss to Vec 
Output Leakage Current Iho! pA CS = Vin 

Viio = Vss to Vcc 
Operating Power Supply Current Icc 70 120 mA CS = Vito Ivo = O mA, 

min. cycle 


Standby Power Supply Current | ots | — | 30 | 6 | ma | CS = Vyy, min. cycle 


Standby Power Supply Current (1) 0.02 2.0 mA CS = Vcc - 0.2 V 
OV <V,, < 0.2 Vor 
Vin = Voc - 0.2V 


NOTE: 1 Typical limits are at Voc = 5 0 V, T, = +25°C and specified loading 


@ CAPACITANCE (T, = 25°C, f = 1MHz) 






Item 






Input Capacitance 





Output Capacitance 


NOTE: 1 This parameter is sampled and not 100% tested 
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HM624257 Series 
@ AC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted.) 


Test Conditions 


e Input pulse levels: Vgg to 3.0 V e Input and output timing reference levels: 1.5 V 
e Input rise and fall times: 5 ns © Output load: See Figures 


Output Load (A) Output Load (B) 
(for toyz, toiz,» twuz & tow) 
5V 


5V 





NOTE: *lIncluding scope & jig 


@ Read Cycle 


HM624257-35 HM624257-45 
Unit 


Item Symbol 


Chip Deselection to Power Down Time ns 


ee ee 
Address Access Time taa | - [| 3 | = | 4 | ns 
Chip Select Access Time | ots | - | 3 | =— | 4 | ns 
Output Hold From Address Change a ee ae ns 
Chip Selection to Output in Low-Z tr7'! +++ — ns 
Chip Deselection to Output in High-Z tuz! a a eee ns 
Chip Selection to Power Up Time tpy | oo | = {| o | = | ns 
aa aan ee 


NOTE: 1 Transition 1s measured + 200 mV from steady voltage with Load (B) 
This parameter 1s sampled and not 100% tested 
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HM624257 Series 


Read Timing Waveform (1) *1, “2 





Address 


Dout 


CS 
Oe, el 
_ OOK == 
High Impedance High Impedance 
Vee supply ee 


current 





NOTES: *1 WE 1s high for read cycle 
*2 Device is continuously selected, CS = VIL 


*3 Address valid prior to or coincident with CS transition low 


@ Write Cycle 


a 
Chip Selection to End of Write | tw | 3 | -— | 4 | - | ns 
Adress Waldo End of Wee ea ae a ee a 
Data Valid to End of Write ee ee eee ns 
Write Enabled to Output in High-Z tw"! pe Oe. Me Ae Oe ns 
Output Active From End of Write tow"! a a ee ns 


NOTE: ! Transition is measured +200 mV from steady state voltage with Load (B) 
This parameter 1s sampled and not 100% tested 
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HM624257 Series 


Write Timing Waveform (1) (WE Controlled) 





Address 





Or 
Ss 


lL 
ce TO 


< 
ice 


‘a 


{NZ ) 


WN YLT TTT 7 


. sgonosongnennt XXXXXXX 


EA Aol LiL LS High Impedance [£ \fV\ANZ ZL 
VLA ZAZA 


pees NN A 


Write Timing Waveform (2) (CS Controlled) 


Address 


i 


we \S\AAAAAAS @A 


R 


| 


me KRKKKROOOOOOOK tae a 


Dout High Impedance*? 


NOTES: *1 A write occurs during the overlap of a low CS and a low WE 


*2 twR Is measured from the earlier of CS or WE going high to the end of write cycle 


XKKKKX 


*3 If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output buffers remain in a high impedance state 


*4 Dour 1s the same phase of write data of this write cycle 


@ HITACHI 


280 Hitachi America, Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 © (415) 589-8300 





HM624257 Series 





@ Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 


Item Symbol | Min | Typ. Max. Test Conditions 

Data Retention Current I pA CS 2 Vcc - 0.2 V, 
| tccor | = RE eae 

Chip Deselect to Data Retention Time tcpr OV <V, <02V 


ee 
Operation Recovery Time ae a ee 


NOTE: *!1 Vcc =30V 





Low Vcc Data Retention Timing Waveform 
Data Retention Mode_ 





CS2 Vee —0.2V 


€@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 281 


HM624257 Series 


(CP-32D) 


20 71(0 815) (0 0949 O1$) 
21 08(0 830) max 0 63(0 025)MIN 


10 16 (0 400) 
11 18+0 13 
(0 440+0 005) 


a 
eek) 
N 
off 
+i| 
wir 
mo 
n 
Oo 
e 


074 #16 
(0 029) 


3. 5+0 26 


7 (0 1380 01) 
=[o 10(0 004) 


‘SEATING PLANE) 
f aceo.ig |_27(0 050) 


10 01740 004) 
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HMGG204 Series —— Maintenance Only 


131072-word x 8-bit High Density CMOS Static RAM Module 


The HM66204 is a high density 1 M-bit static RAM module 
consisted of 4 pieces of HM62256FP/LFP products (SOP type 
256k static RAM) and a HD74HC138FP equivalent product (SOP 
type CMOS decoder logic). 

An outline of the HM66204 is the standard 600 mil width 32 
pin dual-in-line package. Its pin arrangement is completely com- 
patible with 1 M-bit monolithic static RAM. 

The HM66204 offers the features of low power and high speed 
by using high speed CMOS devices. And, the HM66204 makes 
high density mounting possible with no surface mount technolo- 
gy. 

These features make the HM66204 ideally suited for high 
density compacted memory systems. 





Features 
@ High density 32 pin DIP 
— Mounting 4 pcs. of 256k static RAM (SOP; HM62256FP/ 
LFP) and CMOS decoder logic (SOP; HD74HC138FP 
equivalent) 
@ Pin compatible with 1M monolithic static RAM 
@ High speed 
— Fast access time 120 ns/150 ns (maximum) 
@ Equal access and cycle time 
@ Completely static RAM 
— Nociock or timing strobe required 
@ Low power standby and low power operation 
— Standby 40 uW (typical) (L-version) 
— Operation 50 mW(typical) (f = 1 MHz) 
@ Common data input and output, three state outputs 
@ Capable of battery backup operation (L-version) 


Ordering Information 





(Top View) 
Part No. Access Time Package 
HM66 204-12 120 ns Pin Description 
HM66204-15 150 ns ‘ ; 
600-mil 32-pin DIP Pin Name Function 
HM66204L-12 120 ns AO - Al6 Address 
HM66204L-15 150 ns 1/01 - 1/08 Input/Output 
CS Chip Select 
Absolute Maximum Ratings OE Output Enable 
FO eet ET gee ee gee WE Write Enable 
Item Symbol Rating nit Vcc Power Supply 
Voltage on any pin relative to Vgg VT —0.5 to +7.0 Vv Vss Ground 
Operating temperature range Topr 0 to +70 °C NC No Connection 
Storage temperature range Tstg —55 to +125 °C 
Storage temperature range under bias Tbias —10 to +85 =C 
Power dissipation Py 1.0 WwW 
© HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 283 





HM66204 Series 


Block Diagram 


Mode Selection 


Mode CS WE 
Not selected (Power down) H x 
Read L H 
Z L L 
Write L i 


Note) X = Don’t care (H or L) 


Electrical Characteristics 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol 
Supply voltage Vcc 
Vss 
Input high (logic 1) Voltage Vin 
~~ Input low (logic 0) Voltage VIL 


Note) *1. V 77 min is determined by Voc x 0.7. 


DC Characteristics (Ta = 0 to +70°C, Voc = SV + 10%, Vgg = OV) 
Typ"! 


Min 
4.5 


0 


3.85*! 
22 
-0.5 


Parameter Symbol Min 
Input leakage current py! 
Output leakage current Ino! 


Operating power supply current: DC Icc 


Average operating power supply 


current (1) Icc1 
Average operating power supply 

current (2) Icc2 
Standby power supply current: DC Isp 
Standby power supply current 

(1): DC ISBi 
Output low voltage - VoL 
Output high voltage VoH 


2.4 


Typ 


5.0 
0 


10 


37 
35 


10 


2 


0.16 


*1 RAM No1-No4 HM62256FP LEP 
*2 CMOS Decoder HD74HC138FP or 


its equivalent 


Max 
8 
2 


8 


25 


80 
80 


15 


12 
400 


8 
0.4 


Current Note 

Isp, Ispi 
Icc Read cycle qd) — (3) 
Icc Write cycle (1) 
Icc Write cycle (2) 

Unit Notes 

Vv 

V 

V Al15, Al6, CS 

Vv Others except A15, Al6, CS 

V 


Unit 
vA 
BA 


KA 


KA 


mA 


mA 


mA 


mA 
BMA 


mA 
V 
V 


Note) *1. Typical values are at Voc = 5.0V, Ta= +25°C and specified loading. 
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Test Conditions Notes 
Vin = Vss to Vee 
Vin = Vgg to 3.5V 
CS = Vyzy or OE = Vyzz 
Viio= Vss to Vcc 
CS = Vypy or OF = Vyzy 
Vijo= Vss to 3.5V 
CS= Vit 
I; /O= OmA 


MIN. cycle duty = 100% —12 


Ivo =0mA —15 

CS = VIL, Vin = Vcc 

Viz = OV, Ito = OMA 

f= 1MHz 

CS = Vin 

CS > Vec-0.2V HM66204L 
A15*A162Vcec-0.2V_ Series 

or OV S$ A15°A16 $0.2V 


Io, = 2.1 mA 
Ion = —1.0mA 





eee ——— 1M66204 Series 


Capacitance (Ta = 25°C, f = 1 MHz) 











Parameter Symbol Min _ Typ Max Unit Test Conditions 
~ Input. capacitance Cin ms = 45 pF Vin = 0V 
Input/output capacitance Cio = = 50 pF Vijo = OV 








Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Ta = 0 to +70°C, Vec = 5V + 10%, unless otherwise noted) 


AC Test Conditions 


@ Input pulse levels: @ (Input rise and fall times: 5 ns 








0.8V to 4.0V... CS, A15, A16 @ {nput and output timing reference level: 1.5V 
0.8V to 2.4V... Other pin except CS, @ Output load: 1 TTL Gate and C, (100pF) 
A15, A16 (Including scope & jig) 
Read Cycle —_— eee 
HM66 204-12 HM66204-15 
Parameter Syne. : Unit 
min max min max 
Read cycle time tre 120 - 150 —- ns 
Address access time tad — 120 — 150 ns 
Chip select access time tacs - 120 _ 150 ns 
Output enable to output valid tor —_ 60 — 70 ns 
Output hold from address change toH 10 — 10 _ ns 
Chip selection to output in low Z tcLz 10 - 10 - ns 
Output « enable to output i in n low Z tOLz 5 Ee 5 = ns 
Chip deselection to output in high Z tCHZ 0 40 0 50 ns 
Output disable to output in high Z toHZz 0 40 0 50 ns 
Read Cycle Timing No. 1"! 
tre 
tAA 


ee AAA 
ve SSS 


Dout tcLz 


MALLE LLL LL 
OULU, 


Read Cycle Timing No. 2°1.*2."°4 


Address 
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HM66204 Series 


Read Cycle Timing No. 3") “> ™ 














Notes) *1. WE is high for read cycle. 
*2. Device is continuously selected, CS = VIL- = 
*3. Address should be valid prior to or coincident with CS transition low. 
*4, OE= Vy. 
Write Cycle 
HM66 204-12 HM66 204-15 
Parameter Symbol  —-—-___--——____ Unit 
min max min max 
Write cycle time twc 120 — 150 - ns 
Chip selection to end of write tcw 100 — 120 — ns 
Address valid to end of write taw 100 — 120 — ns 
Address setup time tas 0 — 0 — ns 
Write pulse width twp 90 — 110 _ ns 
Write recovery time twR 5 — 5 — ns 
Write to output in high Z tWHZ 0 40 0 50 ns 
Data to write time overlap tpw 50 — 60 — ns 
Data hold from write time tpH 0 _ 0 _ ns 
Output disable to output in high Z tOHZ 0 40 0 50 ns 
Output active from end of write tow 5 — 5 — ns 
Write Cycle Timing No. 1 (OE Clock) 
twc 
twr*2 


286 


co Lt AMA 


Ss VAR CUM 
Fie coe ees Re 


fAS taw 


| ANN 
AYK 


Dot \A VV ANNV\VNV SNA 
LAALSD SSS SS tpw tDH 


aarti ee 
': =: nD 00 
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HM66204 Series 





Write Cycle Timing No. 2°> (OE Low Fixed) 


twce 


—— ss 


cs WM ZIT TZ 


- Pete ancl ai! 
ustQ\\Q\\R hin 


"x 7 
Dout URERSSeees aa. a az, 
TTDI T IP IL IIT COAL 
DW DH 
*x 8 
Din y $$ he 
ALLL LS 


Notes) *1. A write occurs during the overlap (twp) of alow CS and a low WE. 

*2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

*3. During this period, I/O pins are in the output state. 
The input signals of opposite phase to the outputs must not be applied. 

#4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, 
outputs remain in a high impedance state. 

*5. OE is continuously low. (OE = Vy,) 

*6. Doyt should be held in phase of the written data during this write cycle. 

*7. Doyt is the read data of next address. 

*8. If CS is low during this period, I/O pins are in the output state. The input signals which are opposite to the 
output level should not be applied to I/O pins. 


Low Vcc Data Retention Characteristics (Ta = 0°C to +70°C) 
Data retention characteristics is guaranteed only for L version. 


Parameter Symbol Min Typ Max Unit Test Conditions 
CS > Voc -0.2V 
Vcc for data retention VpR 2.0 _ — Vv A15, Al6 2 Voc -0.2V 


or A15, Al6 S0.2V 


Vcc = 3.0V, CS > 2.8V 
Data retention current IccpR ze = 200 pA A15*A16 2 2.8V or 
OV S$ Al15°A16 S$0.2V 


Chip deselect to data retention time tcpR 0 - - ns 
—_— See retention waveform 
Operation recovery time tr trc*l = _ ns 


Note) *1. tpco = Read Cycle Time. 


Low Vcc Data Retention Waveform 


Vor22.0V =-\---2.2V 


CS2 VWec—0.2V 
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HM66204 Series 


Package Dimensions; Unit: mm (inch) 





47.50( 1.870) 
(48.26max. (1.900max. ) } 

















Rocencescscrss win a, Sl a alg 
: £ I 
RUAN Inn S| ig gl 
ee el et a et BA BY al et (a Bi Ed ea Eb iz Ss ald 
2 ae al 
¢ 8 
as 
2.54(0.100) 1.02(0.040) 
4.70(0.185) _ 0.35 —0.59 
(5.08max. (0.200max. ) } (0.014 —0.023) 
15.24(0.600) 
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H M63921 -20/25/35 — Product Preview 


2K x 9-Bit CMOS Parallel In-Out FIFO Memory 


™@ DESCRIPTION 


The HM63921 is a First-In, First-Out memory that utilizes a high 
performance static RAM array with internal algorithm that controls, 
monitors and declares status of the memory by empty flag, full flag 
and half-full flag, to prevent data overflow or underflow. 

Expansion logic warrants unlimited expansion capability in width 
and depth. Both read and write are independent from each other and 
their corresponding pointers are designed to select the proper loca- 
tions out of the entire array serially without address information to 
load or unload data. 

Data is toggled in and out of the device through the use of the write 
enable (W) and read enable (R) pins. The device has a read/write 
cycle time of 30/35/45ns. Organization of HM63921 provides a 9-bit 
data bus. the ninth bit could be used for control or parity for error 
checking at the option of the user. The HM63941 is fabricated using 
the Hitachi CMOS 1.3micron technology. The device is available 
in DIP. 


M@ FEATURES 


e First-In, First-Out Dual Port Memory 

e 2k x 9 Organization 

e¢ Low-Power CMOS 1.3micron Technology 

e Asynchronous and Simultaneous Read and Write 
¢ Fully Expandable in Depth and/or Width 

© Single 5V (+ 10%) Power Supply 

e Empty and Full Warning Flags 


e Half-Full Flag 
© ACCESS TIME seein dba tet aeemse tae dawg aes 20/25/35ns 
e Package ...............5. 300-mil 28-pin Plastic DIP Package 


™@ ORDERING INFORMATION 


Access Time 


20ns 
25ns 
35ns 


Type Name 


HM63921P-20 
HM63921P-25 
HM63921P-35 


Package 


300-mil 28-pin 
Plastic DIP 
(DP-28NA) 
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(DP-28NA) 


@ PIN ARRANGEMENT 


OMAN Oak WDND = 





(Top View) 


@ PIN DESCRIPTION 


Pin Name 
Do-Dg 
RS 
W 
R 


FL 


Function 
Data Inputs 
Reset 
Write Enable 
Read Enable 
First Load 
Retransmit 
Expansion-In 
Expansion-Out 
Half-Full Flag 
Full Flag 
Empty Flag 
Data Outputs 


HM63921-20/25/35 
@ BLOCK DIAGRAM 


DO D1 D2 D3 D4 D5 Q6 D7 D8 
O000 0000 0 


Data Input Buffer 


Column Decoder 


Write Memory Array Row Read 
Pointer 2048 X9 Decoder Pointer 


— Read 
we Control 


Column Decoder 


eae ae 
seaeneccsacist 2 Fi ie 1 eR 
‘ae sananeaeanaaeas 


OOOO O0O000O 
Q0 Q1 G2 Q3 Q4 Q5 QE Q7 D8 
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HM63921-20/25/35 
@ ABSOLUTE MAXIMUM RATINGS 


Item Symbol Rating Unit 


-0.5) to +7.0 V 


H 

1 

Hl 

i 

i 

i 
i 

i 

1 

| 


Terminal Voltage(!) 


Power Dissipation . 
T, 
Ty g 





S 
< 


Operating Temperature 0 to +70 °C 
Storage Temperature i ge -55 to +125 °C 
Storage Temperature Under Bias -10 to +85 2C 


NOTES: 1. Relative to Vss. 
2. -3.5V for pulse width < 10ns. 


¢ Recommended DC Operating Conditions (T, = 0 to + 70°C) 


Parameter Symbol Uni 
v v 
Supply Voltage ce 


Input Voltage 
F Vit “0.50 


NOTE: 1. -3.0V for pulse width < 10ns. 


lM DC CHARACTERISTICS (T, = 0°C to +70°C, Voc = 5V + 10%) 





Input Leakage Current nil =| Vee = 5.5V, Vin = OV - Voc | — | pA 
Output Leakage Current rol | R = Vip Vou = OV - Vec aa pA 

-20 120 | mA 
Operating Power Supply Current Icc; | Average Operating Current 110 mA 


R = W = RS = FLIRT = Vig 





I 
Standby Power Supply Current 


All inputs = Vcc - 0.2V or < Voc 
Ourput High Voltage ? 
Output Low Voltage 


™@ CAPACITANCE (T, = 25°C, f = 1MHz) 


Parameter Symbol Typ. 
input Capacitance 


NOTE: 1. This parameter is sampled and not 100% tested. 


< 
Ss 


nN | | 
\o*) 
© ad 
=| 
> 


Max Unit 


oo e=) 
8 a 


m@ AC CHARACTERISTICS (T, = 0°C to 70°C, Vcc = 5 + 10%) 
e Test Conditions 


¢ Input Pulse Levels: Vgg to 3.0V ¢ Input Rise and Fall Times: 5ns 
¢ Input and Output Timing Reference Level: 1.5V © Output Load: See Figure 


+5 V 
4800 


30 pF * 





Output Load 


*Including scope and jig. 
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HM63921-20/25/35 


e Read Cycle 


ae HM63921-20 | HM63921-25 | HM63921-35 | |, 
Min. Min. Max. 

Read Cyele Time me |] -)|s|—-[s | — | 
Access Time ek Oe ia ee re 
Read Recovery Time ee a 
Read Pulse Width ae a a = = | 
Read Low to DB Low Z eos ee ee ee 
Read High wo DB High Z re | — |B | - | 8 |- | | o 
Data Valid from Read High tou | 3 { — | 3 | — [| 3 | - | ns 
Read Pulse Width After Empty Flag High | trpep =| 20 | — | 25 | — | 35 | — | ns 
(Read Data Flow Through Mode) WLZ 


NOTE: 1. triz, truz and twLz are sampled and not 100% tested. 


e Write Cycle 


HM63921-20 | HM63921-25 | HM63921-35 

ee Min. | Max. | Min. | Max. | Min. | Max. | 

Effective Write Pulse Width After ; 20 25 35 . 

Full Flag High WPF : 
e Reset Cycle 

pamaneine Syiibol HM63921-20 | HM63921-25 | HM63921-35 Unit 

Reset Cycle Time trsc ns 


Reset Pulse Width 


| terse | 30 | = 

tRs ees 

Reset Setup Time | tess | OF | — | 
Reset Recovery Time | terse | 10 | — | 
| tere _| 

| ters | 


© 
os 
Mm, anis 
pa) 
” 
=) 
N 


e Retransmit Cycle 


= 
Nn 
eS) 
\O 
NO 
— 
' 

No 
oS 
z 
ON 
Ww 
oO 
ie) 
) 
oi 
= 
ON 
wo 
\O 
do 
— 
1 

\oS) 
nN 


Parameter Symbol 


< 
= 


i) 
n 


Retransmit Cycle Time trTc 


fas 8S) 
Retransmit Pulse Width RT 20 | — | 20 | 
Le Oe 
= [0 


Retransmit Setup Time trTs | 0 


Retransmit Recovery Time 


rs) 
= 
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¢ Flag Timing 
Parameter 


Reset to Empty Flag Low 

Reset to Full Flag High 

Reset to Half-Full Flag High 
Read Low to Empty Flag Low 
Read High to Full Flag High 
Write High to Empty Flag High 
Write Low to Full Flag Low 
Write Low to Half-Full Flag Low 
Read High to Half-Full Flag High 


e Expansion Timing 
Parameter 


Expansion in Setup to Write or Read 
Expansion in Recovery Time 
Expansion in Pulse Width 

Expansion Out High Delay From Clock 
Expansion Out Low Delay From Clock 








Z 
ON 
Ww 
\O 
bdo 
— 
t 

NO 
an) 


Symbol 


i 
= 


WIlWwWININ NLM] wl]w!N 


tEFL 
tPFH 
tHFH 
{REF 
tRFF 
{WEF 
(WFF 
{WHF 


tRHF 


z 
ON 
o>) 
\o 
nN 
ce 
NO 
a) 


Symbol 


= 
a] 


(EEL 
tRFF 
(WHF 


tREF 


=< 
< 
elle | 


tRFF 
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se 
z 
nN 
oS) 
\oO 
<|> 
xi 
fa a 
z 
ON 
LoS) 
\oO 
KO 
—" 
as 
Lo) 


WiWI NI NI NIN] WIN] N 
Mimi Ga}i ala] at ati ai ma 


< 
Se 


Hi Hh] Wi Wl] WwW] wi fh] Ww] 
MiMi n]i a}! ata] at a] mr 


Z 
n 
Oo 
Ne) 
iS 
omen 
t 

N 
Nn 
Z 
Nn 
Go 
Ne} 
S 
i 
uw 
ws 


Ser 
S| S| 
=< 


< 
se 


Ww] Y& 
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CS 
3 
=. 





ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 


ns 


HM63921-20/25/35 
SIGNAL DESCRIPTIONS 
Inputs 


e Reset (RS) 
The device is reset whenever RS input is taken to 
low state, for minimum reset pulse width. When 
device is reset, both read and write pointers are 
set to the first location. A reset cycle is required 
after power on. Both read enable (R) and write 
enable (W) inputs must be in the high state during 
reset. Empty flag (EF) will go low and full flag (FF) 
and half-full (HF) will go high during reset cycle. 


Write enable (W) 

Write cycle is initiated at the falling edge of W, if 
the full flag (FF) is not set, provided that data set- 
up and hold time requirements relative to the ris- 
ing edge of (W) are met. Data is stored in the de- 
vice sequentially and independently of any simul- 
taneous read operation. To inhibit further write op- 
erations and prevent internal data overflow full 
flag (FF) will go low. 


Read enable (R) 

Read cycle is initiated at the falling edge of R, if 
the empty flag (EF) is not set. Data is accessed on 
a first-in, first-out basis independently of simulta- 
neous write operation. As read enable (R) goes 
high, all outputs will return to high impedance 
state, till next read operation. After the last data 
has been read from the FIFO, the empty flag (EF) 
will go low, preventing further read operations with 
output kept in high impedance state. Empty flag 
(EF) will go high during a valid write cycle (twer), 
thereafter a valid read can start. 


First load/retransmit (FL/RT) 

For depth expansion mode, this pin is grounded to 
indicate that it is the first device, while this pin of 
the rest of devices should connect to Vcc for cor- 
rect operation. In single device mode, this pin re- 
sets the read pointer to the beginning of the FIFO 
memory, therefore data can be reread from the 
beginning. Both R and W should be kept high 
while RT is taken low. 


Expansion-in (XI) 

For single device mode expansion-in (XI) is 
grounded. For depth expansion mode, 
expansion-in (Xl) should be connected to 
expansion-out (XO) of previous device. 


e Data In (Dp to Dg) 
Data inputs for 9-bit wide data. 


Outputs 


e Full Flag (FF) 
The full flag (FF) will go low when FIFO is full, 
inhibiting further write operations until one or 
more read operations are completed or the FIFO 
is reset. 

e Empty flag (EF) 
The empty flag (EF) will go low when the FIFO 
becomes empty, inhibiting further read opera- 


tions, until one or more write operations are com- 
pleted, or FIFO is set to retransmit. 


e Expansion-out (XO)/Half-full flag (HF) 

This output has dual functionality depending how 
it is used. In depth expansion configuration 
expansion-out (XO) is connected_to next 
expansion-in (XI). The expansion-out (XO) of the 
last FIFO is connected to the expansion-in (XI) of 
the first FIFO. In this way the first FIFO indicates 
the next FIFO that it will receive the next data. In 
like manner, any FIFO which becomes full will indi- 
cate the next FIFO that it will receive the next data. 
The second function of this output is in stand 
alone and/or parallel expansion configurations to 
indicate the system user that the FIFO is almost 
full. 


e Data outputs (Qo to Qs) 
Data outputs for 9-bit wide data. These outputs 
are in high impedance state when R is in high 
state. 


VARIOUS OPERATIONS MODE 


e Single device mode 
lf only one FIFO is used, the expansion-in (XI) pin 
should be grounded. 


e Width expansion mode 

Width expansion by 9-bit increments may be 
achieved when separately paralleling the data in- 
puts and the data outputs. In this configuration 
any flags of any device may be used. To avoid 
output contention of the flags for short periods of 
time, the flag outputs should not be wired to- 
gether. 


e Depth expansion mode 
Multiple of FIFOs could provide multiple of 2k x 9 
as (N) x (2k) by 9-bits wide, where N is the num- 
ber of FIFOs connected in depth expansion 
mode. 


The following arrangement must be provided. 

1. First load (FL) of the first FIFO should be con- 
nected to ground. 

2. All other (FL) should be connected to Vcc. 

3. Connect the expansion-out (XO) of each FIFO 


to expansion-in (Xl) of the next FIFO serially 
and XO of the last FIFO to XI of the first FIFO. 


4. Connect all the empty flag (EF) together to OR 
gate and connect all the full flag (FF) together to 
OR gate to obtain two separate valid empty flag 
(EF) and full flag (FF) outputs. 


5. (RT) and (AF) will not be available in this mode. 


¢ Compound expansion mode 
Combination of width and depth expansion 
modes will provide larger FIFO arrays. 
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@ TIMING WAVEFORM 


e Read Cycle 


Dl 


Q0-Q8 


e Write Cycle 


=| 


DO-D8 


e Reset Cycle 


DI 
=| 


ml 
“TI 


XO/HF 





HM63921-20/25/35 








____‘wew i, twa twew 


tos tpH 


| Data in valid | Data in valid 


— ~~ 


tEFL 


ji 


tFFH 


tHFH 


NOTES: 1.W=R=Vin during reset. 


2. trsc = test, trsr.- 
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HM63921-20/25/35 


¢ Retransmit Cycle 


First Read 





e Empty-Flag Cycle (From Last Read to First Write) 


Last Read First Read Additional First Read 
R 


EF 


t - 
ta RLZ 


Q0-08 €e Te <e Y 
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HM63921-20/25/35 


e Half-Full Flag Cycle 


Write=Read+1023 Write=Read+1024 Write=Read+1023 





=| 


tRHF 


DO—D8 —— | 


e Read Data Flow Through Mode 


DO—D8 | Data in valid | 
— twPw 
W 
Rane REE ae First write tRPE 
| _trpew tar Last read 


ih ouaalh read OOO SINS 


tWEF 
EF 


tw_z 


es) 


toH 


x VV 
sia > ckenky 
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HM63921-20/25/35 
e Write Data Flow Through Mode 


R First read 
eS oe Last read 
. . ieheak 2 read AN WINNS - 


FF tRFF : 
wa 


a = | aoe 


Data in valid 
to 


Q0-08 CED 


igh 


DO-D8 


e Expansion Out Cycle 1 





Write to last 
— physical address 
W 
Read from last 
— physical address 
R 5 
txOH 
XO 5 §§ 
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HM63921-20/25/35 
e Expansion Out Cycle 2 (Read Data Flow Through Mode) 


Write to last physical address 





: ———]_piysicat across 
A RRA 


_ 
EF 


e¢ Expansion Out Cycle 3 (Write Data Flow Through Mode) 


Read from last physical address 


= ——]_ physical address 
" NYS 


a tREF 


FF Ps 
tXOH 
" 
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HM63921-20/25/35 


e Expansion In Cycle 


ty t 


Mie 
txoL pil rey 
= physical address 
W + 
txis Read from first 
physical address 
A y 
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H M63941 -25/35/45 — Preliminary 


4K x 9-Bit CMOS Parallel In-Out FIFO Memory 
@ DESCRIPTION 


The HM639471 is a First-In, First-Out memory that utilizes a high 
performance static RAM array with internal algorithm that controls, 
monitors and declares status of the memory by empty flag, full flag 
and almost-full flag, to prevent data overflow or underflow. 

Expansion logic warrants unlimited expansion capability in width 
and depth. Both read and write are independent from each other and 
their corresponding pointers are designed to select the proper loca- 
tions out of the entire array serially without address information to 
load or unload data. 

Data is toggled in and out of the device through the use of the write 
enable (W) and read enable (R) pins. The device has a read/write 
cycle time of 35/45/60ns. Organization of HM63941 provides a 9-bit 
data bus. the ninth bit could be used for control or parity for error 
checking at the option of the user. The HM63941 is fabricated using 
the Hitachi CMOS 1.3micron technology. The device is available 
in DIP. 


@ FEATURES 


e First-In, First-Out Dual Port Memory 

e 4k x 9 Organization 

e Low-Power CMOS 1.3micron Technology 

e Asynchronous and Simultaneous Read and Write 

e Fully Expandable in Depth and/or Width 

e Single 5V (+ 10%) Power Supply 

e Empty and Full Warning Flags 

¢ Almost-Full Flag 

SACCOSS JMG e659 wilt cane ees oem eee en eek 25/35/45ns 
© \PACKAQC. 2.6.4:c ere ake a a oma eee aes 28-pin DIP Package 


@ ORDERING INFORMATION 


Access Time 










Type Name 





Package 


HM63941P-25 25ns 
HM63941P-35 35ns 28-pin Plastic DIP 
HM63941P-45 45ns 
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(Top View) 


@ PIN DESCRIPTION 


Pin Name 
Do-Dg 


| 21) BI Sh) >) =I Zl 


XO 
AF 
FF 
EF 
Qo-Qg 


Function 
Data inputs 
Reset 
Write enable 
Read enable 
First load 
Retransmit 
Expansion-in 
Expansion-out 
Almost-full flag 
Full flag 
Empty flag 
Data outputs 


301 





HM63941-25/35/45 


m@ ABSOLUTE MAXIMUM RATINGS 


Item 
Terminal Voltage!) 
Power Dissipation 
Operating Temperature 
Storage Temperature 
Storage Temperature Under Bias 


NOTES: _ 1. Relative to Vss. 


Symbol 
05010 +70 
550 +105 
“1010 +85 


Unit 


2. -3.5V for pulse width < 10ns. 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


Parameter Typ. Un 
ESE Voc v 
Weston Oe Oe 
fair Vales ee a ae ee ee ee ee 
vi | 0s [ {os [Vv 
NOTE: 1. -3.0V for pulse width < 10ns. 


m@ DC CHARACTERISTICS (T, = 0°C to +70°C, Voc = 5V + 10%) 





Parameter Uni 
Input Leakage Current Vcc = 5.5V, Vin = OV - Vec fF — | — | 2 | pA 
Output Leakage Current R = Vin, Vou = OV - Vcc Ese a pA 
Operating Power Supply Current na ee ee es Re ee "= 

R = W = RS = FLIRT = Vin | — | — | 10 | ma 
Standby Power Supply Current | _Igp | AllInputs = Vec-0.2Vor = Voc_| — | — | 1 _| mA 
Output High Voltage ee OW 
Output Low Voliage Oe a 

Mi CAPACITANCE (T,, = 25°C, f = 1MHz) 

Parameter Uni 
Input Capacitance Tc, | Va=0v | — | TaD | pF 
Output Capacitance re ee re ae eee TBD pF 


m@ AC CHARACTERISTICS (T, = 0°C to 70°C, Voc = 5 + 10%) 
e Test Conditions 


¢ Input Pulse Levels: Vos to 3.0V 
e Input and Output Timing Reference Level: 1.5V 


@ Input Rise and Fall Times: 5ns 
© Output Load: See Figure 


+5 V 
4800 


30 pF * 


Output Load 





*Including scope and jig. 
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HM63941-25/35/45 





e Read Cycle 
ae a 
pai ae Max. : 
Read Cycle Time me | 3s | —-| 6 | —-| @ | — | 
Access Time Ta | - | s )-)s ~- | @ [os 
Read Recovery Time ee | o [- |e] - [Ss -- [= 
Read Pulse Width Tew | 5 | — | 3 | - | # | — |» 
Read Low 10 DB Low 7 uz | 5 | - | s |- | 0 | —- | 
Read High to DB High Z Ve | —- | 8 | - | ® | - | = | 
Data Valid from Read High tow | 3 | - | s |- | s |- | ss 
e Write Cycle 
HIM63941-25 | 
ee Max. | Min. ui 
e Reset Cycle 
HM63941-35 | HM63941-45 | 
pia aes 
Reset Cycle Time aed oe a Oe 
Reset Pulse Width ms | 25 | — | 33 | — | 4 | — | as 
Reset Recovery Time Gn a 
e Retransmit Cycle 
| 
seni Max. a 
Retransmit Cycle Time GC a OC a 
Retransmit Pulse Width | ter | 20 | — | 35 | — | 4 =] — | ns 
Retransmit Recovery Time | tere | 10 | — | 10 | — | B | — | ns 
e Flag Timing 
mama HMG3OAI-AS | 
| Min. — | Max. | | Min. | | Max. | Min. Max. 
Reset to Empty Flag Low toe | — | 30 | — | 45 | — | 60 | se 
Read Low wo Empty FlagLow | trer | — | 25 | — | 35 | — | 45 | as 
Read High to Full Flag High | tere | — | 25 | — | 35 | — | 45 | ms 
Write High to Empty Flag High | ter | — | 25 | — | 35 | — | 45 | ms 
Write Low to Full Flag Low er ee ee ae 
Write Low to Almost-Full Low | twar | — | 30 | — | 40 | — | 55 | ns 
Read High to Almost Full High | tear | — | 390 | — | 40 | — | 55 | 28 
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HM63941-25/35/45 
SIGNAL DESCRIPTIONS 
Inputs 


e Reset (RS) 
The device is reset whenever RS input is taken to 
low state, for minimum reset pulse width. When 
device is reset, both read and write pointers are 
set to the first location. A reset cycle is required 
after power on. Both read enable (R) and write 
enable (W) inputs must be in the high state during 
reset. Empty flag (EF) will go low and full flag (FF) 
and almost-full (AF) will go high during reset cycle. 


Write enable (W) 

Write cycle is initiated at the falling edge of W, if 
the full flag (FF) is not set, provided that data set- 
up and hold time requirements relative to the ris- 
ing edge of (W) are met. Data is stored in the de- 
vice sequentially and independently of any simul- 
taneous read operation. To inhibit further write op- 
erations and prevent internal data overflow full 
flag (FF) will go low. 


Read enable (R) 

Read cycle is initiated at the falling edge of R, if 
the empty flag (EF) is not set. Data is accessed on 
a first-in, first-out basis independently of simulta- 
neous write operation. As read enable (R) goes 
high, all outputs will return to high impedance 
state, till next read operation. After the last data 
has been read from the FIFO, the empty flag (EF) 
will go low, preventing further read operations with 
output kept in high impedance state. Empty flag 
(EF) will go high during a valid write cycle (twer), 
thereafter a valid read can start. 


First load/retransmit (FL/RT) 

For depth expansion mode, this pin is grounded to 
indicate that it is the first device, while this pin of 
the rest of devices should connect to Vcc for cor- 
rect operation. In single device mode, this pin re- 
sets the read pointer to the beginning of the FIFO 
memory, therefore data can be reread from the 
beginning. Both R and W should be kept high 
while RT is taken low. 


Expansion-in (Xl) 
For single device mode expansion- in (Xl) is 
grounded. For depth expansion mode, 


expansion-in (Xl) should be connected to 
expansion-out (XO) of previous device. 


e Data In (Do to Dg) 
Data inputs for 9-bit wide data. 


Outputs 


e Full Flag (FF) 
The full flag (FF) will go low when FIFO is full, 
inhibiting further write operations until one or 
more read operations are completed or the FIFO 
is reset. 

e Empty flag (EF) 
The empty flag (EF) will go low when the FIFO 
becomes empty, inhibiting further read opera- 


tions, until one or more write operations are com- 
pleted, or FIFO is set to retransmit. 


e Expansion-out (XO)/Almost-full flag (AF) 

This output has dual functionality depending how 
it is used. In depth expansion configuration 
expansion-out (XO) is connected_to next 
expansion-in (XI). The expansion-out (XO) of the 
last FIFO is connected to the expansion-in (X]) of 
the first FIFO. In this way the first FIFO indicates 
the next FIFO that it will receive the next data. In 
like manner, any FIFO which becomes full will indi- 
cate the next FIFO that it will receive the next data. 
The second function of this output is in stand 
alone and/or parallel expansion configurations to 
indicate the system user that the FIFO is almost 
full. 


e Data outputs (Qo to Qs) 
Data outputs for 9-bit wide data. These outputs 
are in high impedance state when R is in high 
state. 


VARIOUS OPERATIONS MODE 


e Single device mode 
If only one FIFO is used, the expansion-in (XI) pin 
should be grounded. 


e Width expansion mode 

Width expansion by 9-bit increments may be 
achieved when separately paralleling the data in- 
puts and the data outputs. In this configuration 
any flags of any device may be used. To avoid 
output contention of the flags for short periods of 
time, the flag outputs should not be wired to- 
gether. 


e¢ Depth expansion mode 
Multiple of FIFOs could provide multiple of 4k x 9 
as (N) x (4k) by 9-bits wide, where N is the num- 
ber of FIFOs connected in depth expansion 
mode. 


The following arrangement must be provided. 

1. First load (FL) of the first FIFO should be con- 
nected to ground. 

2. All other (FL) should be connected to Voc. 

3. Connect the expansion-out (XO) of each FIFO 


to expansion-in (XI) of the next FIFO serially 
and XO of the last FIFO to XI of the first FIFO. 


4. Connect all the empty flag (EF) together to OR 
gate and connect all the full flag (FF) together to 
OR gate to obtain two separate valid empty flag 
(EF) and full flag (FF) outputs. 


5. (RT) and (AF) will not be available in this mode. 


e Compound expansion mode 
Combination of width and depth expansion 
modes will provide larger FIFO arrays. 
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HM63941-25/35/45 


@ TIMING WAVEFORM 
e Read Cycle 





Dl 





Q0-Q8 


e Write Cycle 


= 


DO-D8 Data in valid Data in valid 


e Reset Cycle 


RS = 


tEFL trsR 


=| 


NOTES: 1. W=R = Vin during reset. 


2. trsc = trst, tRsrR. 
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HM63941-25/35/45 


e Retransmit Cycle 


tr 


ae ae 
R, 


e Full-Fiag Cycle (From Last Write to First Read) 


= 


oe Last write First Read Additional reads First Read 
: a 
. So] oy 
e Full-Flag Cycle (Effective Write Pulse Width After FF High) 
R 
URFF 

———p- 

FF 


twew 
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HM63941-25/35/45 


e Empty-Flag Cycle (From Last Write to First Read) 





Last Read First Write Additional First Read 
Ay Writes 
: NA! \Y 
R 


ta 
Data Out OOK XD OY 


e Empty-Flag Cycle (Effective Read Pulse Width After EF High) 


Ww 
tWEF 
— 
EF 
trew 
R 
e Almost-Full Flag Cycle 
= Write=Read+4079 Write=Read+4080 Write=Read+4079 
W 
tRAF 
7 pas 
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Section 2 
Cache Static RAM 
and 
Fast SRAM Modules 


@ HITACHI’ 
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H M62A 1 68/H M62A1 88 Se ries — Preliminary 


Direct Mapped 8,192-Word x 16/18-Bit @ PIN-OUT 
2-Way 4,096-Word x 16/18-Bit Static Cache RAM 


™@ DESCRIPTION 


The Hitachi HM62A168/HM62A 188 is a high speed 128/144-kbit 
static cache RAM organized as 2-way set associative 4k x 16/18 or 
direct mapped 8k x 16/18. By using two HM62A168/HM62A 188 with 
Intel’s 82385 cache controller a high performance 80386 system can 
be achieved. 

The HM62A168/HM62A 188, packaged in a 52-pin PLCC is availa- 
ble for high density mounting. 


@ FEATURES 


e Meets INTEL 82385 cache memory controller 
(CP-52) 
e High Speed 
ACCeSS JIMCsrxtaneeiuekeey ead as 25/35/45ns (max.) 
e Address Latch m@ PIN DESCRIPTION 


e Pin Programmable for 8k x 16/18 or 2-Way 4k x 16/18 Pin:Namé Function 





™ ORDERING INFORMATION chen Cache Address 
Latch Enable 




























piekage MODE Mode Select 
HM62168CP-25 25ns 
Ay to A Add 

HM62168CP-35 35ns 52-pin PLCC eee 
HM62168CP-45 45ns CSo, CS, Cache Chip Select 
HM62188CP-25 25ns COEA, COEB_ | Cache Output Enable 
HM62188CP-35 35ns 52-pin PLCC CWEA, CWEB | Cache Write Enable 
Bee aise aus Do to Dys Data Input/Output 

CE Cache Chip Enable 


@ BLOCK DIAGRAM 
Topology Two-Way Set Associative (MODE = Logic Low) NC/DP,, DP, No connection 
Way A 


Parity Input/Output 


m@ PIN ARRANGEMENT 


DO to D15/and DPO, DP1 





(Top View) 





DO to D15/and DPO, DP1 





QoQ 
> 
m 
z 


[@) 
lal 2 





2 
g 
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HM62A168/HM62A188 Series 


@ FUNCTION TABLE 
e Two-Way Mode (Mode = High) 2-4K x 16/18 




















_______ Input Signa ae 
CE | CSo | CS, | COEA | COEB | CWEA | CWEB 
i Disabled 
x Disabled 
Li]. |u| Lt | H | # |_| Oupm | Highz [Read WayA 
cf. >a [a] 2c | # | # | Owpw | Highz | Read Ways 
L Read Way A 
iL [ Hu]. | # | ct | 8 | # | Highz | Oupu | Read WayB 
rift ft | t | # | 4 | # | Oupw | Ouipo | Read Way A 
L Read Way B 
c fe fa |x [x | 2 [4 | Inpe | Highz | Write WA 
L Write Way B 
ij Hu |e |x |x |. | | Highz | Impu | Write WA 
L Write Way B 
r [2 Write Way A 
L Write Way B 
L Write Way A&B 
L Write Way A & 
L Write Way A & B 
¢ Direct Mode (Mode = Low) 8K x 16/18 

Input Signa | 
CE_[ CS) | CS: | COEA | COEB | CWEA —— 
H Disabled 
x Disabled 
x Disabled 
L Read Dpto Dy 
L High-Z Read Ds © Dis 
cope Pt ft | it fw | H | Oupu | Output | Read Dp wo Dis 
L Write Dpto Dy 
L Write Dy to Dis 
L Write Dpto Di 
mM ABSOLUTE MAXIMUM RATINGS 

fem Uni 
Voltage on Any Pin Relative to Vsg V 
Power Dissipation W 
Operating Temperature Range °C 
Storage Temperature Range “C 
Storage Temperature Range Under Bias ae 


NOTE: 1. Vin min. = -2.5V for pulse width < 10ns. 
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HM62A168/HM62A 188 Series 


m@ RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to 70°C) 


Parameter Symbol Min. Typ. Max. Unit 


Supply Voltage So V 
Input High (Logic 1) Voltage Vu | 22 | — | Vec+0.3 Vv 
feo eeza V 


Input Low (Logic 0) Voltage Vit -0.3(1) 
NOTE: 1. Viz. min. = -2.0V for pulse width < 10ns. 


™ DC CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 10%, Vsg = OV) 


Parameter sere Conan Min. | Typ.) | Max. 
Input Leakage Current Vec = Max., Vin = Vss to Vcc 
CS = Vin 
Vio = Vss to Vcc 


Operating Power Supply Current fe in = OV/Vcc, lio = OMA 


Output Leakage Current 


Min. Cycle, Duty = 100% 

Output Low Voltage 
Output High Voltage 
NOTE: 1. Typical limits are at Vcc = an Ta = +25°C and specified loading. 


@ CAPACITANCE (T, = 25°C, f = 1MHz)() 


Parameter Symbol [Max [Max 
input Capacitance ‘| Cy | — | 6 | pF | ‘Va =0V 
inputiOutput Capacitance | Co | — ‘(| 0 —_—*| 


NOTE: This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (T, = 0 to 70°C, Vcc = 5V + 10%, unless otherwise noted.) 
e Test Conditions 


¢ Input Pulse Levels: Vgg to 3.0V ¢ Input Rise and Fall Times: 3ns 
© Input and Output Timing Reference Levels: 1.5V © Output Load: See Figures 


Dout 10000 Dout 10000 


6672 100 pF* 6672 5 pF * 





Output Load A Output Load B 


*Including scope and jig. 
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Test Conditions 


F 
NiO OV oc. 
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HM62A168/HM62A188 Series 


e Read Cycle 


Parameter 


Read Cycle Time 

Address Access Time 

Aj Address Access Time 

Chip Select Access Time 

Output Enable to Output Valid 
Output Hold from Address Change 
Chip Select to Output Low-Z 
Output Enable to Output Low-Z 
Chip Deselect to Output in High-Z, 
Output Disable to Output High-Z 
Address Latch Enable Pulse Width 
Address Setup to Latch Low 
Address Hold to Latch Low 


Symbol HM62188-25 eee: a5 pce ete 

met | ne | es | Re 
we | 2s = [3s [= [Ts T= 
ae ee ee ae ee 
ae ee oe ee ee ee 
ses acl Sears 2 Oe Mr ee eed ee 
ee ee ee 
ee a ie ee ee ee 
ee ae ae a ae a ee 
ae za a 
a ae ee ee ee oe ee ee 
Pa ae a ee ee ee 
Gio ea CO (Ae Oe 
ee ee ee Oe ee ee 
Ge rate (nee (a ( 


e Read Timing Waveform (1) (CWE = High, COE = Low, CS = Low) 


tCALEN 


pana 


CALEN 


Address 


Dout/ 
DPO, DP1 


314 


tASL tAHL 


External Address Valid 


tAA 
tai2 


< xX >» Data Valid 


ae 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


HM62A 168/HM62A188 Series 


e Read Timing Waveform (2) (CWE = High, COE = Low, CS = Low) 


tce 


CALEN 
tASL 


! 





A0-A11 ee Address AO-A11 Valid 

taa 
Dout/ 
DPO, DP1 EE, ee wciibols 


¢ Read Timing Waveform (3) (CWE = High) 


tCALEN 


| 
| 





CALEN ea 
Address External Address Valid 
tAA 
tai2 
CS, CE 
ee tz 
tce 
COE i a 
amas Oe 
DPO, DP1 ee Data Valid 
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HM62A168/HM62A188 Series 


e Write Cycle 


Parameter Symbol HM62188- 25 —_ 35 HM62188-45 Unit 
sons Li Min. 

Write Cycle Time "oi 6 ee ee ns 
Address Valid to End of Write | tw | 8 | — | 25 | — | 4 | — | ns 
Ap Valid 10 End of Write Ge GG nd OR 
Chip Select to End of Write ie ee ee oe ae 
Data Valid to End of Writ ow [0 | - | 0 | - > s [> — [ms 
Data Hold from End of Write | te | oO | — | o | ~ | o | — | ns 
Write Enable Active to High-Z | twaz | — | Bb | — | 58 | — | 2 | ns 
Write Enable Inactive to Low-Z | twz | 3 | — | 3 | — [| 3 [| — | ns 
Write Pulse Width Sipe Me oO. ee 
CE Pulse Width During Chip Enable te | wf - | | - | | - | ie 
Controlled Write 

Address Setup Time eras Ee ee ee 
Write Recovery Time ive Oe Oe ee 
Address Latch Enable Pulse Width !tcauen | 8 | — | t | — [| 6 | — | ns 
Address Setup toLatchiow | tax | 4 | — | 6 | — | 0 | — | 1s 
Adress Hold to Latch Low Sue | ee ee St ee 
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e Write Timing Waveform (1) 


CALEN 


Address 


HM62A168/HM62A188 Series 


(COE = High, WE Controlled) 


tCALEN 


tASL 
twce 


External Address Valid 





ta12w 


© 
mM 


Din/ 
DPO, DP1 


SSSI LLLZZEZELELELE: 


KYA 


tow toy 


OK Bae veld XD 
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HM62A168/HM62A188 Series 


e Write Timing Waveform (2) (COE = High, CE Controlled) 


tCALEN 
CALEN ae. ‘ 
we an 
we 


Se 
DPO, DP1 > Data Valid OX > 
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HM67C932 Series_— Preliminary 


8,192-Word x 9-Bit x 4-Row Static Cache RAM 
@ DESCRIPTION 


The Hitachi HM67C932 is a high speed 288-kbit static cache RAM 
organized as 4-way set associative 8k x 9 or direct mapped 32k x 9 
with 4-row selector for burst mode. By using HM67C932 with high 
speed standard microprocessors a high performance computer sys- 
tem can be achieved. 

The HM67C932, packaged in a 44-pin PLCC is available for high 
density mounting. 


@ FEATURES 


e For High Speed Standard Microprocessors 

¢ High Speed Access Capability with Lower 2-address by Selector 

e Pipeline Access Capability with On Chip Address and Row Latches 
(Edge Trigger Type Row Latch)* 

e On Chip Parity Generator and Checker 





e Organization................. 288-kbit (8-kw x 9 bit x 4 row) 
e Drivability for Heavy Load (C, = 100 pF) A 

e PLCC 44-pin 

e TTLI/O 


“For cache RAM with transparent row latch, request data sheet HM67B932. 


@ ORDERING INFORMATION 


20ns 
25ns 


@ MAIN CHARACTERISTICS @ PIN DESCRIPTION 


Item Spec. Remarks Pin Name Function 


Address Access Time (max.) 20/25ns ALE Address (atch Enable 
Access f 
Time Row Select Access Time (max.) 10/13ns C, = 100pF A Aik Addiess 


OE Access Time (max.) 10/13ns 










Package 


16 19 20 21 22 23 24 25 26 27 28 
TIFICICIficirfircifirify 
Vseq VOe Ves fOsVecd/ssqlO, WOs Veo WOsVeca 








HM67C932CP-20 


HM67C932CP-25 44-pin PLCC 





(Top View) 


RLE Row Latch Enable 
Cycle Time (min.) 25/30ns es acre (Edge Trigger) 
Ry-R, Row 
Power Dissipation (typ.) 0.8W Nee _ — 1/Op-1/07 Data Input/Output 
1/0; Data Input/Output 
(Even Parity) 
CS Chip Select 
WE Write Enable 
OE Output Enable 
PC Parity Control 
Pee_| ery Eros Ou 
Vcc Power 
Vss Ground 
Vics Power . 
(For Output Transistors) 
Vss Ground 
Q (For Output Transistors) 
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HM67C932 Series 


@ BLOCK DIAGRAM 





OE 
Ao-12 4 
& 
S 
§ Dout 
3 Selector 
ALE £ rp 
VO 
0~8 
Perror 
WE 
* 
Ro g 
S 
rs 
wd 
Ss 
a. 
RLE £ 
* Edge Trigger 
PC A 
** Open drain 


M@ FUNCTION TABLE 
e Truth Table 


S {10 Fn Ref. Cyee 


H 
L 
L 
L 
L 
L 
L 


NOTE: 


|e 


L 


= 


GREER 





| Read | ce ec | Dow _| High Z or L (Error) | Read Cycle No. 1, 2 

lccvlocr | Din | _HighZ | Write Cycle No. 1-8 

[Write [Tce ocr | Din [High Z| Write Cycle No. 6,7 

i Write Cyele No. 
n 


BEGREG 


fee) acl | Write (Parity Generate) High Z 


1. Dig input is ignored and generated as parity bit from Dyo to Dy. 


¢ Input Latch Table 
e Address Latch e Row Latch 


Latch Output Latch Output 


Address Input Row Input 
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Previous Address Previous Row 
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HM67C932 Series 
@ ABSOLUTE MAXIMUM RATINGS 


em Uni 
Voltage on Any Pin Relative to Vgs V 
Operating Temperature Range °c 
Storage Temperature Range (With Bias) °C 
Storage Temperature Range 2¢ 


@ RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C) 


tem Symbol Max [Un 





V 
Supply Voltage 
a ES ee 
Mie ce ee Os 
paneer | Vin | 
ee vi | oso | — | os | Vv 


NOTE: 1. -3.0V for pulse width < 20ns. 


™@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0 to +70°C, Vsg = OV) 


fem Symbol Typ._| Max. [ Uni 
Input Leakage Current Vcc = 5.5V, Vin = Vss to Vee | — | pA 
CS = Vy or OE = Vyq or 
Output Leakage Current I =H is 10 A 
‘i WE = Vit; Vio = Vss to Vcc ‘i 

Operating Power Supply Current CS = Viz, Ivo = OmA | | mA 
Average Operating Current Min. Cycle, Duty: 100%, Io = OmA | — | 

cig ie mA 


is [S=wm dC 
CS = 


S = Vcc 0.2V 


Standby Power Supply Current ‘ 20: 
SBI VIN < 0.2V or VIN = Vcc —~0.2V 


TBD | mA 





ee 
wo 
w) 
3 

> 


Output Low Voltage VoL) | Io, = 16mA =a V 
Ioy = -8mA 2.4 ae 

Output High Volta V 
peer eine ion = =100uA reas 








NOTE: 1. Including PError Output. 


M@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 


tem Max. | Uni 
input Capacitance ee a 
inpuOutput Capacitance | yo | Wo = OVP | dO 
Output Capacitance (PET) | Cow [Vw = OV *«| ‘| — [0 
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HM67C932 Series 


M@ AC CHARACTERISTICS (Vcc = S5V + 10%, T, = 0 to +70°C) 
e AC Test Conditions 


¢ Input Pulse Levels: 0.4V to 2.4V e Input Rise and Fall Times: 4ns 
© Input Timing Reference Levels: 0.8V, 2.0V © Output Load: See Figure 
© Output Timing Reference Levels: Vo; = 0.8V, 

VoH = 2.0V 


3002 ll 


Output Load B 
Output Load A (for toyz, twuz tonz> tciz, tow & toiz) 


+5V 
2872 


| 7 
TT 


Output Load D 
Output Load C (for tapy tLepH» trpH» tcpH & topy) 


*Including scope and jig. 
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HM67C932 Series 


e Read Cycle 
FSymbot HM67C932-20 A\ | HM67C932-25 
Item Symbol ; - 
Min. Max. Min. 
Read Cycle Time trc 2 
Row Selector Read Cycle Time A 8 
Address Latch Enable Pulse Width 
Address Latch Enable Setup Time 
Address Latch Enable Hold Time 
Row Latch Enable Pulse Width 
Row Latch Enable Setup Time 
Row Latch Enable Hold Time 
Address Access Time taa 0 
Output Hold from Address Change tou 
Address Latch Enable Access Time taLF 0 
Output Hold from End of Address Latch Hold 


bo to No we) 
pry Le) — Ww WwW NO bo i) < 
-) an) 8) A 8) Wr os 1 


Row Selector Access Time tra I ee 1 
Output Hold from Row Selector Change | 0 | 

Chip Select Access Time | 

Chip Selection to Output in Low Z | 0 

Chip Deselection to Output in High Z | 0 | 10 
Output Enable to Output Valid i 0s 1 
Output Enable to Output in Low Z 0. 
Output Disable to Output in High Z i Oe i 10 
Address to Parity Error Valid po 
Address Change to Parity Error in High Z 5 
Address Latch Enable to Parity Error Valid 25 fo 0 
End of Address Latch Hold to Parity Error in High Z 5 

Row Selector to Parity Error Valid 15 La | 8 
Row Selector Change to Parity Error in High Z 3 

Chip Selection to Parity Error Valid 23 | — | 

Chip Deselection to Parity Error in High Z me 
Output Enable to Parity Error Valid 15 | | 8 
Output Disable to Parity Error in High Z Ore 


NOTES: 1. Transition is measured + 200mV from steady state voltage with Load B. 
2. Transition is measured + 200mV from steady state voltage with Load D. 
3. This parameter is sampled and not 100% tested. 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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HM67C932 Series 
¢ Timing Waveform of Read Cycle No.1 (Cache Read Cycle) (1) 


i - 


Address 2 Cf ff V4p VALIIIAAA ee VLLLLLLL 


ae — — — 


L/ 
oe SN SRN ‘os 


tLEH 


SKYY, 


es NIA = wo 
EG Seen 
fz} to} 
| tal CT H 
re Ree (eae ae NESE LL 
oe 
High Impedance uy topy 
tcPE 
tCPH 
PError High Impedance \| PEfror Valid 7 
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HM67C932 Series 


¢ Timing Waveform of Read Cycle No. 2 (Serial Read Cycle With Row Selector) (1); (2) 





nates IDK CLL 
PUP 
” GLO CD KD MMT. 













tRA 
Data V Data 
KK vaiids POS 


Dout Valid 4 


> 
4p 
ae 
Data Valid x Vali 
| betes “ 
ed ae on = 
PError Previous PError Valid | Nee NY be rren, 1/ Nero, 17 \ Be rror, 


NOTES: 1. WE = Vin, PC: Do not care 
2. CS = Viz, OE = Vir 
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HM67C932 Series 


e Write Cycle 
HM67C932-20 | HM67C932-25 


a ia 
Chip Selection to End of Write tcw Moi. eee 20, I ee ns 
Address Setup Time tas | o | —~ | o | — | ns 
Address Latch Enable Setup Time | turns | OF | — | Oo | — | ns 
Row Selector Setup Time We tg We SO Ae OR ae ns 
Address Valid to End of Write | tw = | os | — | 20 | Os” ns 
Write Pulse Width twp ea dL eee ye ee ns 
Write Recovery Time twr Po ee | ee ns 
Write Recovery to End of Address Latch Hold | tewe | 3 | — | 3 | -— | ns 
Write Recovery to Row Selector Change | twe | 5 | — | 5 | — | ns 
Write to Output in High Z twH2@ | o {| 8 | o | 0 | ns 
Data Valid to End of Write tpw | gs | — {| wo | — | ns 
Data Valid to End of Write (Parity Generate Mode) | tw | 2 | — | bo | — | ns 
Output Active from End of Write | tw@ | o | — | o | -— | ns 
Parity Control Setup Time tpw | 2 tf — | 6b {| — | ns 
Parity Control Hold Time tpy Yo | = | o | = | ns 


NOTES: 1. Transition is measured + 200mV from steady state voltage with Load B. 
2. This parameter is sampled and not 100% tested. 
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HM67C932 Series 


¢ Timing Waveform of Write Cycle No. 1. (Cache Write Cycle) (1), (2) 


a 


Address //)) | ~ | = tREW 
; = S 


ia ees 
WILL _ FRILL LLL __ 


Taw ; 
= 
paaiet 





R 


° 
= 


=e 
™ DY, 


| to1z 
tonz 

High Impedance 

Dout g P | 


towytowe |] toy 
VY Ee \/ 
Di rates XK ts XN 


= aT 


NOTES: 1. CS = Vj, PError: Do not care. 
2. Dig input is not cared with parity generate mode. Parity of written data is not checked. 
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HM67C932 Series 


¢ Timing Waveform of Write Cycle No. 2. (OE = H, WE Controlled) (7) 


twe 
Address aaa 


tREW | 
8 Ta bye ee 
tRES i nad fa a tREH 
Row = XD +—__F XXIII KKK KX 


——( 
TS MA. WLLLLLLL LLL Lt 


RWR 


P= 
me ng DSS ibw | tH 


Din KXAXKXXKAKK Data Vals XO 


High Impedance 
Dout 


© Timing Waveform of Write Cycle No.3 (OE = H, CS Controlled) (7) 
t 


Address > 


WC 
tres co if veces tREH 


ike 
Row XE BK XXXXXXXKKKXKKKXXKK MM KX 


a 


me ee ee 






Din XXXAXKXMKAKKA Data Vaid KKK 


Dout High Impedance 
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HM67C932 Series 
¢ Timing Waveform of Write Cycle No. 4 (OE = Clocked, WE Controlled) (7) 


twe 





Vv, 





Address D 


RLE 
ae a tREH 
\/ 


Row = XD a sors zmmruremaergad — 5@, 


oF (ines SS SS 
- sy Bese 





WE 
a 
toLz ‘2 
: 
High Im ell 
Dout g s 


oy =" 
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HM67C932 Series 
¢ Timing Waveform of Write Cycle No.5 (OE = Clocked, CS Controlled) (7) 


= 

RLE 

ga a = (a pal tREH 
\/ 


now Le — XK AA x XXX MAK 


ZL a= 

; (—— 

. ee 
NS SS 


Din of mm 


High Impedance 


a 
mM 


Dout 
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HM67C932 Series 


¢ Timing Waveform of Write Cycle No.6 (OE = L, WE Controlled) (7) 





'— ae 
Ree tres aa io tREH 
Row x) a XK KK XXK XXX KKXKKX X > >: @ 


— = 
Ss WS 
es Soo 
= A as 


SSS SSS SSS SSS 


xTV 
Dout P2222 L2LL LLL. +7 


Din High Impedance 4: Data Valid x» 
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HM67C932 Series 


¢ Timing Waveform of Write Cycle No. 7 (OE = L, CS Controlled) (7) 


Address 


RLE 


Row 


Dout 


Din 


NOTES: 


332 


rs 


two 








ae tREH 
ae: 


CAI YY AAA? «xX 


<a 








tow toH 


High Imped : 
2 neste <HfsavisXXXXXKKKEX 


. A write occurs during the overlap (twp) of a low CS and a low WE. 


. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 


be applied. 


. Output data is the same phase of write data of this write cycle. 
. If the CS low transition occurs after the WE low transition, output remains in a high impedance state. 
. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 


outputs must not be applied to them. 


. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remains in 


high impedance state. 


. ALE = Vin, PC = Vi, PError: Do not care. 
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HB66B 1616A-25/35 


16,384-Word x 16-Bit High Speed Static RAM Module 


m@ DESCRIPTION 


The HB66B1616A is a high speed 16K x 16 Static RAM module, 
mounted 4 pieces of 64K bit SRAM (HM6289JP) sealed in SOJ pack- 
age. An outline of the HB66B1616A is 36-pin dual in-line package. 
Therefore, the HB66B1616A makes high density mounting possible 
without surface mount technology. The HB66B1616A provides com- 
mon data inputs and outputs. Its module board has decoupling ca- 
pacitors to reduce noise. 


@ FEATURES 
e Single 5V (+ 5%) Supply 
e High Speed 
PCCOSS TIM oi sed orn Ae eden dvanan alee 25/35ns (max.) 
e Low Power Dissipation 
AClIVE MOd6 icici eitawec wee nen ean ca wee 1200mW typ. 
Standby Mode................... 300mW typ. (TTL level) 
0.4mW typ. (CMOS level) 
e Equal Access and Cycle Time 
¢ Completely Static RAM 
No Clock or Timing Strobe Required 
e Directly TTL Compatible: All Inputs and Outputs 


M@ ORDERING INFORMATION 


25ns 
35ns 


M@ PHYSICAL OUTLINE 











Package 





HB66B1616A-25 
HB66B1616A-35 


36-pin dual in-line 
leaded type 





Unit; 22 
inch 
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@ PIN ASSIGNMENT 





1 
2 
3 
4 
5 
6 
7 
8 





(Top View) 


@ PIN DESCRIPTION 


Pin Name Function 
Ag ~ Aq3 Address Input 
DQo ~ DQ;5 | Data-in, Data-out 
CS Chip Select 
WE Write Enable 
OE Output Enable 
Vcc Power Supply (+5V) 
GND Ground 
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HB66B1616A-25/35 


m@ BLOCK DIAGRAM 


OE 
CS 

DQO 
DQ1 


DQ2 
DQ3 


DQ4 
DQ5 
DQ6 
DQ7 


DQ8 
DQ9 


DQ11 


DQ12 
DQ13 
DQ14 
DQ15 





*MO~M3 :HM6289JP ye 
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HB66B1616A 25/35 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 


Voltage on Any Pin Relative to Vsg a ae -0. “s to +7.0 V 

Power Dissipation [| Pps 

aa See ee °C 

| Type = =si*dL 55 to +125 °C 
Storage Temperature Range Under Bias Tene -10 to +85 °C 

NOTE: 1. Vin min. = -2.0V for pulse width < 10ns. 


Operating Temperature Range BoE 
Storage Temperature Range 


= 





@ TRUTH TABLE 


(10 Fin Ref. Cyet 
High Z 

Taf Read fee Read Cycle (3) 
[1 | Wie [Toe Write Cyele (1) 
oe ee Write Cycle G-6) 


S 


‘?) 


uae) onal kaa ee 


NOTE: X means don’t care. 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T,, = 0 to 70°C) 


Parameter ae 


| Min. | 

ee ea 
SS 

Input High (Logic 1) Voltage eli 

ee 


Input Low (Logic 0) Voltage 
NOTE: 1. Vix min. = -2.0V for pulse width < 10ns. 


M DC ELECTRICAL CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 5%, Vsg = OV) 


Parameter _ Min. | Typ.(!) | Max. | Unit 
Input Leakage Current = Max., Vin = Vos to Voc pA 


Heat 


Output Leakage Current 


Operating Power Supply Current 


Peet tates ft a 2 


Vit» Ivo = OMA 
~ 


= Viy Min. Cycle 


= 


Standby Power Supply Current 


Standby Power Supply Current (1) Iop} 


A 


Ste 
= 





Output High Voltage ee re es 
Output Low Voltage =a ee V 


NOTE: 1. Typical limits are at Vcc = a Ta = +25°C and specified loading. 


@ CAPACITANCE (T,, = 25°C, f = 1MHz)() 


Parameter Symbol_[ Test Conditions| Min. | Max._| 
input Capacitance (Address, CS, OE, WE) | Cn | Ya=0v | — | 35 | pF 
Input/Output Capacitance (DQ) Ge: vest f= [ee 


NOTE: 1. This parameter is sampled and not 100% tested. 
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HB66B1616A-25/35 


@ AC CHARACTERISTICS (T, = 0 to 70°C, Vcc = 5V + 5%, unless otherwise noted.) 


e Test Conditions 


e Input Pulse Levels: Vgs to 3.0V e Input Rise and Fall Times: 5ns 
e Input and Output Timing Reference Levels: 1.5V ¢ Output Load: See Figures 


+5 V 


2550 9 pF * 


Output Load B 
Output Load A (for tcnz, tceiz> tonz> torz twuz & tow) 


*Including scope and jig capacitance. 





e Read Cycle 
Read Cycle Time ea ee ee 
Address Access Time taa | — | 2 | — | 35 | 
Chip Select Access Time as ee 
Chip Selection to Output in Low-Z ftyaz) | 5 | — | 5 | -— | 
Output Enable to Output Valid te | — | 2 | — | 5 | 
Output Enable to Output in Low-Z ne LS Sa eae a ee 
Chip Deselection to Output in High-Z htewz | oF | 2 | 0 | 20 | 
Chip Disable to Output in High-Z ftonz | 0 | 10 | OF | 0 | 
Output Hold from Address Change oe ee ae eee ee ee ee 
Chip Selection to Power Up Time tpy | Oo | — | o | — | 
Chip Deselection to Power Down Time tpp fo | 2 | — | 30 | 


NOTE: 1. Output transition 1s measured + 200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 





HB66B1616A-25/35 


¢ Read Timing Waveform (1) (*) 


tre 


Address | 


EF WOW ym. - 
soe | de 


| stacs SEE 


a ee 





¢ Read Timing Waveform (2) (1) (2) (4) 


tre 


eK 


e Read Timing Waveform (3) (1) (S) (4) 


Dout 


Dout 


Vcc supply 
current 





NOTES: 1. WE is high for read cycle. 
2. Device is continuously selected, CS = Vu. 





3. Address valid prior to or coincident with CS transition low. 
4. OE = VIL. 
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HB66B1616A-25/35 


e Write Cycle 
Parameter Symbol Unit 
| Min. | | Max. | | Min. | | Max. | 
Write Gyele Time we | 3 | - | 35 | — | 2 
Chip Selection to End of Write | tw | 2 | — | 30 | -— | ns 
Address Valid to End of Write tw | 20 | — | 30 | — | aos 
Address Setup Time i 0 Oe 
Write Pulse With pe 20d 0 ee 
Write Recovery Time ied Oe Oe 
Output Disable to Output in High-Z htopz | 0 | 10 | oO | 0 | ns 
Write to Output in High-Z Tw | 0 | 8 | o | 0 | 1 
Data to Write Time Overlap | tw | 2 | — | 2 | - | ns 
Data Hold from Write Time | toy | OF {| — | o | — | ns 
Output Active from End of Write l tw | 5 {| — | 5 | = | ns 


NOTE: 1. Output transition is measured +200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 


e Write Timing Waveform (1) (OE = H, WE Controlled) 


twe 


address aa 


RQ 


tpw toH 
Datain = =XXXXXXXXXXAAAAAA {tava > XK 


High Impedance 
Dout 
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HB66B1616A-25/35 


e Write Timing Waveform (2) (OE = H, CS Controlled) 


Address 


ESS 
VVUVVYVYVVVYYYVVY VV VY VVVVV VY 
Data In XX XXXXXKKXKKKKK > COON) 


High Impedance 


Dout 


¢ Write Timing Waveform (3) (OE = Clocked, WE Controlled) 
two 


pieirdlecscsieiiaisteraionentamenetoe | 
fo 


Address 


OE sence 5 cena 


oS SSS 
na” repens Oe 


os IIR cs 
- 2) man | _ Ht 
tonHz *3 toLz 
out High Impedance 2 
tow tDH 


D4 OK oaavas KY 


/\ 
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HB66B1616A-25/35 


¢ Write Timing Waveform (4) (OE = Clocked, CS Controlled) 


Address 


| 
.?) 


7 4 
. ee a 


r 
on <DX__ baa vata XD 


High Impedance 


| 


Dout 
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e Write Timing Waveform (5) (OE = L, WE Controlled) 


t 


secs AN, 

3 wo zz LEI. 

- cae 

Dout SDSS aa aS XK 
High Impedance ee 5 

Din _— CK Data Valid > 
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HB66B1616A-25/35 


¢ Write Timing Waveform (6) (OE = L, CS Controlled) 


Address 


Dout 


Din 


NOTES: 


342 


t 


A 


ree 


or 
a jpncouclaicceag 
SII FEEZHZZEZIZ 
| Hon messne Impedance 


XXKXXKY OK aa vad KX KXKXKKK 





1. A write occurs during the overlap of a low CS and a low WE (twp). 
2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
. During this period, I/O pins are in the output state so that the input signals of opposite phase to the output must not be 


applied. 


. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 


buffers remain in a high impedance state. 


_ If CS is low during this period, I/O pins are in the output state after tow. Then the data input signals of opposite phase 


to the outputs must not be applied to them. 


6. Dout is the same phase of write data of this write cycle, if twr is long enough. 
7. If the CS low transition occurs simultaneously with the OE high transition or after the OE transition, the output 


buffers remain in a high impedance state. 
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HB66A2568A-25/35 


262,144-Word x 8-Bit High Speed Static RAM Module 
@ DESCRIPTION 


The HB66A2568A is a high speed 256K x 8 Static RAM module, 
mounted 8 pieces of 256K bit SRAM (HM6207HUJP) sealed in SOJ 
package. An outline of the HB66A2568A is 60-pin zigzag in-line 
package. Therefore, the HB66A2568A makes high density mounting 
possible without surface mount technology. The HB66A2568A pro- 
vides separate data inputs and output. Its module board has deccup- 
ling capacitors to reduce noise. 


@ FEATURES 
e Single 5V (+ 10%) Supply 
e High Speed 
PCCOSS TING 2 a9 eerste Rate ben 25/35ns (max.) 
e Low Power Dissipation 
Active MOd@:; 6.64505 060es05ineiaeacenss 2400mW typ. 
Standby Mode................... 800mW typ. (TTL level) 
0.8mW typ. (CMOS level) 
e Equal Access and Cycle Time 
e Completely Static RAM 
No Clock or Timing Strobe Required 
e Directly TTL Compatible: All Inputs and Outputs 


@ ORDERING INFORMATION 


HB66A2568A-25 25ns 60-pin zigzag in-line 
HB66A2568A-35 35ns leaded type 


@ PHYSICAL OUTLINE 





87 63 + 025 
3 450 + 010 


Seating 
plane 


54 +025 : +010 
100 * 010 : i 025 005 


250 REF 


80 01 REF 
3 150 REF 
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@ PIN ASSIGNMENT 


Vss 
PD1(GND) 
NC 

Di; 





(Top View) 


@ PIN DESCRIPTION 


Pin Name 


Function 
Address Input 
Data-in 
Data-out 
Chip Select 
Write Enable 
Power Supply (+5V) 
Ground 


Non-connection 
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HB66A2568A-25/35 
m@ BLOCK DIAGRAM 


CS1 CS2 
WE 
ADD fon 


DO 
Q0 


D2 
Q2 


D4 
a4 


D6 
Q6 





Vec 
C0~C7 MO~M7 
Vss 


C=0.22uF 


* MO~M7 : HM6207HJP 
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HB66A2568A-25/35 


M@ ABSOLUTE MAXIMUM RATINGS 


Parameter Value Unit 
Voltage on Any Pin Relative to Vos -0.5() to +7.0 V 
Power Dissipation 
Operating Temperature Range 0 to +70 2€ 
Storage Temperature Range -55 to +125 2 & 
Storage Temperature Range Under Bias -10 to +85 eC 


NOTE: 1. Vin min. = -2.5V for pulse width < 10ns. 


= 


@ TRUTH TABLE 


GG | _WE [Mode [Voc Current [Day Pin [ Ref. Gyete 
: = 
tL | Read | ce ay, | Read Cy 
L Write Cycle 


NOTE: X means don’t care. 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to 70°C) 


Parameter 
Supply Voltage 


cc 

SS 

Input High (Logic 1) Voltage IH 
Vit 


Input Low (Logic 0) Voltage | Vy | 0.50 | 


NOTE: 1. Vit min. = -2.0V for pulse width < 10ns. 


™ DC ELECTRICAL CHARACTERISTICS (T, = 0 to 70°C, Vec = 5V + 10%, Vsg = 0 


Parameter Symbol pO 


Input Leakage Current Vcc = Max., Vin = Vss to Vcc 
Output Leakage Current CS), CS) = Vin, Vio = Vs to Vec 
: CS), CS, = ViL> Ivo = OmA 
Operating Power Supply Current Min. Cycle, Duty = 100% 
Standby Power Supply Current CS), CS) = Viq Min. Cycle | — | 
CS; CS, =2 Vcc -0.2V 
Standby Power Supply Current (1) | Isp; | OV < V;, = 0.2V or 0.16 1 
Vin 2 Vcc -0.2V 
Output High Voliage 
VoL 


Output Low Voltage Vo, [p= tmA 


NOTE: 1. Typical limits are at Vcc = 5.0V, Ta = +25°C and specified loading. 


Ss 
K< 
bab] 


om) o>) 
We) [aoanal 


<|< 





ne = 
| aa 

HDi 

ol, & 





m@ CAPACITANCE (T, = 25°C, f = 1MHz)() 


Parameter 
Input Capacitance (Address, WE) | Ch | Va=ov | — | 
Input Capacitance (C3 [Cp | Yn=ov | | 
Input Capacitance (Data in) | Ch |  Vn=OV [| — | 
Output Capacitance (Data out) | Co | Vr = OV. COU 


NOTE: 1. This parameter is sampled and not 100% tested. 


< 


te) 


70 
45 
12 
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Unit 


<j<j< 


Unit 
pA 
pA 


mA 


mA 


mA 


345 








HB66A2568A-25/35 


@ AC CHARACTERISTICS (T, = 0°C to 70°C, Vcc = 5V + 10%, unless otherwise noted.) 
¢ Test Conditions 


© Input Pulse Levels: Vog to 3.0V © Input Rise and Fall Times: 5ns 
¢ Input and Output Timing Reference Levels: 1.5V © Output Load: See Figures 
+5V +5 V 
4800 
Dout 4800 Dout 
5 pF * 
Output Load B 
Output Load A (for tyz> tLz> twz & tow) 


*Including scope and jig capacitance. 


e Read Cycle 


HB66A2568A-25 HB66A2568A-35 
in 


& 
= 
= 


Sr s 

© Cra | a > 
=) 
nN 


Seal 


Parameter Symbo 


~ 
~n 


Read Cycle Time 


eS) 
3 
n 


Address Access Time 


> 


at [| et | et 
o |e a 


~ 
wn 


Chip Select Access Time 
Output Hold from Address Change 


Min. 
25 
5 
Chip Selection to Output in Low-Z trz) 5 


3 
5 
5 


| 
n 


— 

we 

eae 
12 


Wy Ss 


Chip Deselection to Output in High-Z ty7) ene | 2 ns 
Chip Selection to Power Up Time tpy [- ns 
Chip Deselection to Power Down Time tpp 25 ns 


NOTE: 1. Transition is measured + 200mV from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested. 
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HB66A2568A-25/35 


¢ Timing Waveform of Read Cycle (1) (1) (2) 


tre 


toH 


Dout oO ne 


¢ Timing Waveform of Read Cycle (2) (1) (3) 


Dout 


Vcc supply 
current 


NOTES: 1. WE is high for read cycle. 
2. Device 1s continuously selected, CS = Viz. 
3. Address valid prior to or coincident with CS transition low. 
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HB66A2568A-25/35 


e Write Cycle 


HB66A2568A-25 HB66A2568A-35 


ol 


Parameter Symbo 


ax 


jsmbot [Nie M 
Write Cycle Time ive for sed 
Chip Selection to End of Write | tw | 20 | — | 30 | — | 
Address Valid to End of Write | tw | 20 | — | 30 | — | 
Adress Setup Time ee ae a 
Write Pulse Width ies Ob ol od | 
Write Recovery Time Ei de ee 
Data Valid to End of Write ee ee ee ee ee ee 
Data Hold Time Co 0 ee 
Write Enabled to Output in High-Z | tw) | o | 8 | oO | 0 | 
Output Active from End of Write l tw? | oO | — | 0 | — | 
NOTE: 1. Transition is measured +200mV from high impedance voltage with Load (B). 

This parameter is sampled and not 100% tested. 
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nit 


HB66A2568A-25/35 


e Timing Waveform of Write Cycle (1) (WE Controlled) 


™ SS 
—— YYVY 


Din THRO Data Valid AA XXX 


IE 





Wa 


Dout TIZZZZ LLL LLL LLL Nigh Impedance AIYIVNI 
WEBRSS, SW AVAVAW ANS 
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HB66A2568A-25/35 
¢ Timing Waveform of Write Cycle (2) (CS Controlled) 


twe 


Address 


WE WSS SS YI 


tbH 


: paced ney YVYVVYY YY 
Din XXX XX XXXKXXXAKXKX > KY 


High Impedance * 
Dout 


NOTES: 1. A write occurs during the overlap of a low CS and a low WE. 
2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 


3. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 


4. Dout is the same phase of write data of this write cycle, if twr is long enough. 
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HM644332 


2K Entry TAG Memory for Cache Sub System 


The HM644332 TAGM 1s a 2048-entry tag memory associativity and a high level of performance for 





fabricated with CMOS technology It supports 32-bit microprocessor systems, when used to- 
compact cache systems with 2-way or 4-way set gether with fast static RAMs as data RAMs 
Features 
¢ Programmable organization. 512-entry x 4-way or ¢ TTL-compatible inputs and outputs 

1024-entry x 2-way 


e LRU (least recently used) replacement algorithm 
¢ Memory organization. 512 words x 98 bits 
98 bits = (20 tag bits + 1 parity bit + 2 validity bits) x e Purge functions (all purge and partial purge) 
4 ways + 6 LRU bits 
e Internal parity generator/checker 
¢ Fast access time: 25/30 ns max from address inputs, 
18 ns max from tag data inputs © 64-pin pin-grid-array 


e Single + 5 V supply 


Ordering Information 


Access Time 
Part No. From Address From Tag Data Package 
HM644332G-25 25 ns 18 ns 64-pin PGA 
HM644332G-30 30 ns 18 ns 
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HM644332 


Pin Arrangement 


Bottom view 


© 
19 
O 
18 
O 
7 
O 
16 
O 
15 
O 
14 
O 
13 

O 
2 
O 
i 


“OtO0&O &O 808080802080 
~OsOe% O20 8O2080¢O0¢EO80 
-©FO20 £O 8OKOF OS OR O80 


_ 
oO 











Pin No. Function Pin No. Function Pin No. Function 
1 N.C. 23 A, 45 TD, 
2 MHIT 24 A. 46 TD, 
3 HIT,/REP, 25 A, 47 Voc 
4 HIT, /REP, 26 A, 48 TD,, 
5 HIT,/REP, 27 N.C. 49 TO 
6 TD, 28 N.C. 50 TD,, 
7 TD, 29 PINV 51 TD, 
8 EXTH 30 SBLK 52 A, 
9 MHENBL 31 SB, 53 A, 
10 N.C. 32 INH 54 Veg 
1 TD, 33 INVL 55 A, 
12 TD, 34 SET 56 A, 7 
13 TD, 35 H/R 57 PURGE 
14 TD,, 36 HIT 58 MODE 
15 TD,, 37 HC,/RC, 59 VINV 
16 TD,, 38 HC, /RC, 60 SB, 
17 TD,, 39 HIT,/REP, 61 Veo 
18 TD, 40 Veg 62 WRITE 
19 N.C. 41 TD, 63 RLATCH 
20 N.C. 42 TD, 64 PERR 
21 A, 43 TD, 
22 A, 44 TD, 
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Pin Description 


Symbol Pin Name Pin No. VO Function 


MODE Mode 58 | Mode selection 
MODE =H: 512-entry x 4-way 
MODE =L: 1024-entry x 2-way 














Ay-Ag Address 52, 21, 53, 22, 23, | Address inputs: A, is not used for 4-way; fix 
24, 55, 25, 56, 26 itto Hor L 
TD,-1D,, Tag Data 6, 41, 7, 42-45, | Tag information 
11, 12, 46, 13, 14, 
15, 48, 16, 49, 17, 
50, 18, 51 
PURGE Purge 57 | All purge is done when PURGE =L 
INVL Invalidate 33 | Partial purge: V bit of specified address is 
forced to 0 (L) 
SBLK Way Select Enable 30 | Enables external way selection in replace- 
ment and invalidation cycles 
SB, SB, External Way Address 60, 31 | External way address input: Enabled when 
SBLK = H 
WRITE Write 62 | Enables write 
SET Set 34 I Timing pulse 
Read cycle: Updates LRU 
Write cycle: Stores tag, sets V bits to H, 
and updates LRU 
Partial purge cycle: Shifts LRU and sets 
V bits to L 
INH Inhibit 32 | Inhibits all functions except all purge 
H/R Hit/Replace Selection 35 | Output selection 
H/R =H: Hit information 
H/R = L: Replace information 
RLATCH Replace Latch 63 | Latch control for replace information 
PINV Parity Inversion 29 | Used for testing only 
VINV Validity Inversion 59 | Used for testing only 
MHENBL ~~ MHIT Enable 9 | Enables MHIT output 
EXTH External Hit Control 8 | Forces MHIT output to L 
HIT Hit 36 O Hit output: NOR of HIT, to HIT, 
HC /RC, Hit/Replace Code 37, 38 O Coded output of hit or replace information 
HC,/RC, 
HIT ,/REP.— Hit/Replace 3, 39, O Uncoded output of hit or replace information 
HIT,/REP,, 4,5 
PERR Parity Error 64 oO Indicates parity error 
MHIT Modified Hit 2 O Hit output modified by MHENBL and EXTH 
Voc Power 47, 61 I Connects to + 5V power supply 
Veg Ground 40, 54 | Connects to ground 
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Block Diagrams 


Internal Blocks 


Purge 
butter O PURGE 


Memory cells Memory cell 


512 entries 512 entries 
X 23 bits x 6 bits 
x 4 ways 


> 
eo 


generator 


4 
O 
° 


data 


buffer 
MPX and 


()ecccevvcevecc() () 
Hit/replace 
information 


Hit information | | Replace information 
Tag New LRU data 





Parity error 
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Output Control Block 


MHENBL =EXTH 


V 


Compare 
and validity 
check 


o HIT REP, 
HIT /REP, 

————oHIT REP, 
OHIT,/REP, 
OHC,IRC, 


o HC, /RC, 


Parity DERA 
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Function Tables 


1. Basic Functions (all combinations not listed below are inhibited) 











Input Tag Info. Control Info. LRU 
—— P Bit V Bits 
INH PURGE SET WRITE INVL TagBits (Parity) (Validity) LRU Bits Function Mode 
L H x x x No change Nochange Nochange No change Inhibit ° 
H H H x x No change Nochange Nochange Nochange Tag read 
H H Lf H H No change Nochange Nochange No change! Tag read 
or updated 

H H ati L H TD,-TD,, Set H Updated Tag write 

L H x x Undefined Undefined _ L (All) Initialized All purge 


L No change No change NS change No change | Partial purge 
or shifted"4 


= 
<= 
<x 


x: HorLl 


Notes: *1 When SBLK = L and there is no hit, LRU is not changed. 
*2 When SBLK = L and there is no hit, the V bits are not changed. 
*3 In inhibit mode, HIT and PERR outputs are H but all other outputs are L. 
*4 Shifted means that the partially-purged way becomes the least recently used way. 


2. Hit or Replace Information Output 


Input Internal Information !: “2 Output 


ek ee Med, Ale <caxod WG CLR “UIE Gare Gee 
hity hit) ity hit, HIT, HIT, HIT HIT) HCY HC,/ 


MODE A, rep) rep, rep, rep, REP, REP, REP, REP, RC, RC, HIT Mode 


H x L L L L L L L L L L H 4-way 
H x H L L L H L L L L L L 

H x L H L L L H L L H L L 

H x L L H L L L H L L H L 

H x L L L H L L L H H H L 

L L L x L x L L L L L L H 2-way 
L L H x L x H L L L L L L 

L L L x H x L L H L L H L 

L H x L x L L L L i: L L H 

L H x H x L L H L L H L L 

L H x L x H L L i. H H H L 

X: Horl 


Notes: *1 Internal information rep, to rep, is determined by on-chip LRU logic when SBLK = L. 
When SBLK = H, the internal information is determined by external signals SB, and SB. 
“2 Correct operation is not guaranteed if 2 or more ways are hit at the same time. 
*3 HIT output is valid when H/R = H. 
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3. Partial Purge (INVL = L) 





Input Internal Info. Purged Way SET 

MODE A, SBLK SB, SB, hit, hit; hit, hit, 0 1 2 3 ae Mode 
H * L x x L L L L — — — — Nochange 4-way 
H x L x x H L L L Q — — — Shifted 

H x L x x L H L L —- Q — — Shifted 

H x L x x L L H L —- — Q — Shifted 

H x L x x a L L H —- — — Q Shifted 

H x H L L x x x x Q.—- — — Shifted 

H x H H L x x x x — Q — — Shifted 

H x H L H x x x x —- —- Q — Shifted 

H x H H H x x x x — — — Q_ Shifted 

L L L x x L x L x — -— — -— Nochange  2-way 
L L L x x H x L x Q. — — — Shifted 

L L L x x L x H x —- — Q- — Shifted 

L L H L L x x x x Q — — — Shifted 

L L H L H x x x x —- —- Q  — Shifted 

L H L x x x L x L — — — — Nochange 

L H LE x x x H x L — Q — — Shifted 

L H L x x x L x H — — — Q_ Shifted 

L H H H L x x x x —- QQ — — Shifted 

L H H H H x x x x — —- — Q_ Shifted 


Note: Correct operation is not guaranteed if 2 or more ways are hit at the same time 


4. Parity Error and V Bits 


(n: 0 to 3) 
pen Vg vn, PEn Hit Info” 
L L L L = pen: Internal parity error in way n 
L L H H Hit vn,/vn,: Duplicate validity bits. 
L 4 L H Hit PEn: Determined by the following equation: 
[ 4 H L Hit PEn = (vn, + vn,) * pen + (vn, @vn,) 
H L L L _— 
H L H H Hit 
H H L H Hit 
H H H H Hit 


Notes: *1 PERR is the NOR of PEO to PES. 
*2 Output information when internal hit is valid. 
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Absolute Maximum Ratings 


Item Symbol Rating Unit 
Supply Voltage Voc ~—0.5 to +7.0 V 
Input Voltage at Any Pin Relative to V.., Vin -3.0 to +7.0 V 
Output Voltage at Any Pin Relative to V.. Vout —0.5 to +7.0 V 
Output Current lai +20 mA 
Power Dissipation PL 1.5 W 
Operating Temperature ie : —10 to +85 °C 
Storage Temperature T —65 to +125 °C 


stg 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. Functional operation 
should be restricted to the conditions detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


Recommended DC Operating Conditions (T, = 0 to +70°C) 


Item Symbol Min. Typ. Max. Unit 
Supply Voltage Ven 4.5 5.0 5.5 V 
Input Low Voltage Ves 05° — 0.8 V 
Input High Voltage Vi’ 2.2 — 6.0 V 


Notes: “1 All voltages are relative to V... 
*2 -3.0 V for pulse width of 20 ns or less. 


DC and Operating Characteristics (T, = 0 to +70°C, V..=5 V 10%, Vo, = 0 V) 


Item Symbol Test Conditions Min. Typ. Max. Unit 
Operating Power loc Min. cycle, |, = OmA — — 200 mA 
Supply Current —Cycle=100ns,,=0mA — — 180 mA 
Output Voltage Vor lo, = 8 mA — — 0.4 

OH low = 74 MA 2.4 — — 


Capacitances (T, = 25°C, f = 1 MHz) 


Item Symbol! Test Condition Min. Typ. Max. Unit 
Input Capacitance C., V,=0V — — 10 pF 
Output Capacitance Cut Vout = V _ — TBD pF 


Note: These parameters are sampled, not 100% tested. 
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AC Characteristics (T,, = 0 to +70°C, V..=5 V +10%, V..=0V, 


unless otherwise noted) 


AC Test Conditions 

e Input pulse levels OVto30V 

e Input pulse rise and fall times. 0 ns to 5 ns (time between 0.8 V and 2 2 V) 
e Input and output timing reference levels. 15 V 

¢ Output load. See figure 





Output Load 


“Including scope and jig 
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1. Tag Read Cycle (MODE = H or L, PURGE = H, WRITE = H, INVL = H, PINV = H orL, VINV = HorL, 


INH = H) 
HM644332G-25 HM644332G-30 
Item Symbol Min. Max. Min. Max. Unit 
ReadCycleTime = | t, 80  — 50 — ns. 
Address Valid to HIT, HC_, HIT, me — 25 — 30 ns 
Address Valid to MHIT taMH _— 27 — 32 ns 
Tag Data Valid to HIT, HC_, HIT. tes — 18 _ 18 ns 
Tag Data Valid to MHIT tow — 20 —_ 20 ns 
HIT, HC,. HIT, Hold Time tay 0 — 0 — ns 
Address Valid to RC_, REP, tar _ 35 — 40 ns 
Address Valid to PERR tap — 35 —_ 40 ns 
Address Setup Time for SET tas 25 — 25 — ns 
Tag Data Setup Time for SET tis 25 — 25 — ns 
SET Pulse Width a 20 - 20 — ns 
SET Recovery Time top 5 — 5 — ns 
RLATCH Setup Time tars 10 — 10 —_ ns 
RC,, REP, Hold Time for RLATCH tan 0 — 0 — ns 
SBLK, SB), SB, Setup Time for RC,, REP, tear — 25 — 25 ns 
SBLK, SB,, SB, Hold Time topy 5 _— 5 — ns 
RC_, REP, Hold Time for SBLK, SB), SB, ty, 0 — 0 — ns 
SBLK, SB,, SB, Setup Time for SET tops 25 — 25 — ns 
PERR Hold Time toy 0 — 0 — ns 
H/R to Multiplex Output Change tur — 10 — 12 ns 
MHENBL, EXTH to MHIT Output ore — 10 — 12 ns 
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2. Tag Write Cycle (MODE = H or L, PURGE = H, WRITE = L, INVL = H, H/R = L, INH = H) 
HM644332G-25 HM644332G-30 
Item Symbol Min. Max. Min. Max. Unit 








Write Cycle Time twe 50 — 50 — ns 
Address Valid to RC, REP, tar — 35 — 40 ns 
Address Setup Time for SET tas 25 — 25 — ns 
Tag Data Setup Time for SET ths 25 — 25 — ns 
SET Pulse Width tes 20 — 20 _ ns 
SET Recovery Time top 5 — 5 —_ ns 
RLATCH Setup Time tars 10 — 10 —_ ns 
SBLK, SB,, SB, Setup Time for SET tee 25 — 25 _ ns 
SBLK, SB,, SB, Setup Time for RC_, REP, tsp — 25 — 25 ns 
RC,, REP, Hold Time for SBLK, SB,, SB, ty, 0 — 0 — ns 
SBLK Hold Time toon 5 — 5 —_ ns 
PINV, VINV Setup Time for SET tis 25 — 25 —_— ns 
PINV, VINV Recovery Time for SET tin 5 — 5 — ns 


3. Partial Purge (MODE = H or L, PURGE = H, WRITE = H, INVL = L, H/R= H orL, INH =H, 
RLATCH = L, PINV = H orL, VINV = H or L) 











HM644332G-25 HM644332G-30 
Item Symbol Min. Max. Min. Max. Unit 
Partial Purge Cycle topo 50 —_ 50 — ns 
Address Setup Time for SET tas 25 _ 25 _— ns 
Tag Data Setup Time for SET trs 25 — 25 — ns 
SET Pulse Width tow 20 — 20 — ns 
SET Recovery Time top 5 — 5 — ns 
SBLK, SB, SB, Setup Time for SET tops 25 — 25 —_ ns 
SBLK, SB,, SB, Hold Time topy 5 — 5 — ns 
4. All Purge (SET = H, other control inputs are H or L) 

HM644332G-25 HM644332G-30 
Item Symbol Min. Max. Min. Max. Unit 
All Purge Cycle Time tapc 100 — 100 — ns 
Purge Pulse Width topw 50 — 50 _ ns 
Purge Recovery Time top 50 _ 50 —_ ns 

© HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 361 


HM644332 


Timing Charts 


1. 


362 


Tag Read Cycle 


(MODE = Hor L, PURGE = H, WRITE =H, INVL =H, PINV =HorL, VINV = HorL, INH =H) 


t 


RC 
A,-Ag Input valid 
TD,-1D,, Input valid 
TH 

[eee ness 
H/R 
_ | | HR tay 
HIT, 


' 
HC. HIT, : ae p 
a 


Output valid 


MHENBL, 
EXTH Input valid 


RC. REP. * 
n n 


MHIT 
PERR 
SET 


RLATCH » 


SBLK Input valid 
SB,, SB,° Input valid 


Notes: 

*1 Valid when H/R = H. 

*2 ValidwhenH/Re=L. 

*3 LRU is updated when SET = L. 

*4 Replace information is latched when RLATCH = H. 
*5 Valid when SBLK =L 


*6 Valid when SBLK = H. 
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2. Tag Write Cycle 


TD,-TD,g 
SET 

s 
RLATCH 
SBLK 

“4 
SB,, SB, 


PINV, VINV 


Notes. 





(MODE = Hor L, PURGE = H, WRITE = L, INVL = H, INH =H) 


Wwe 
Input valid 


spr 


t 


HR 
Output valid 


Input valid 


Input valid 


| t 


ie 


lis IR 
Input valid 


*1 Tag is stored, V bits go H, and LRU ts updated 

*2 Replace information is latched when RLATCH = H 
*3 Valid when SBLK = L 
*4 Valid when SBLK = H 
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$A GAA Ss a a eee 


3. Partial Purge Cycle 


(MODE = H or L, PURGE = H, WRITE = H, INVL=L, H/R =HorL, INH=H, RLATCH =L, 
PINV = HorL, VINV =H or L) 


lop 


Input valid 


Input valid 
t 
: 
2 


log Iggy 


Input valid 
Input valid 


Notes: 

*1 Valid when SBLK = L. 

*2 LRU is shifted and V bits go L. 
*3 Valid when SBLK = H. 





4. All Purge Cycle 


(SET = H, other control inputs are H or L) 


Input valid 
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Function Description 
Tag Read 


The TAG input data (T D,-TD,9) and the contents of 
the addressed location are compared. If they are the 
same, ahitis assumed. HIT goeslowand the HCnand 
HITn outputs indicate the hit way associatively. If 
there is no hit, the LRU logic of the tag RAM automati- 
cally specifies which way is to be replaced. 


The replacement information is presented at the RCn 
and REPn outputs by forcing the H/R input low. 
These signals will’be latched and used for writing 
data into data memory. 


Tag Write 


If there is no hit, the tag RAM must be updated. A 
write operation is performed by setting WRITE low 
and inputting a SET pulse. The tag data will be 
written into the appropriate way by the internal LRU 
logic. 


The way can be also specified externally by using 


SBLK, SB, and SB, inputs. In tag write mode, the V 


bits (validity bits) and the parity bit are set, and the 
LRU is updated. 


HM644332 


All Purge 


By asserting the PURGE input low, all the V bits are 
reset and LRU is initialized. 


In this operation, the contents of each tag and its 
parity will not be identified. 


Partial Purge 


A partial purge operation is performed by setting 
INVL low and inputting a SET pulse. 


The V bit specified by the address input is reset and 
the LRU is shifted so that the partially-purged way 
becomes the least recently used way. 
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Package Dimensions 
Unit: mm (inches) 


64-Pin Ceramic PGA 


1 27 (050) TYP DIA 


254 +0 25 
(100 + 010) 


o°o 


+ 


+0 46 
26 20" 34 


22 86 ( 900) 
(1 082" 515) REF 


0700000006 
000000000 
0000000000 
@©°000000060 


© 
° 
° 
ie) 
° 
° 
° 
fe) 


4018 , ragt 007 
18 24( 718) SQ 046 “9 95 ( O18" og2) DIA 


ar 
+ 

+018 0 38 -015 
(1 032¢ 018) 


5 33 ( 210 4041 ya, +016 
ae 3409 3g (154 _ o14) 
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Section 3 
MOS Pseudo Static RAM 
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HMG6G5256B Series 


32768-word X 8-bit High Speed Pseudo Static RAM 


#® FEATURES HM65256BP Series 
Single 5V (+10%) 


@® High Speed 
Access Time 
CE Access Time ............06. 100/120/150/200ns 
Address Access Time.............-. 50/60/75/100ns 
(in Static Column Mode) 
Cycle Time 
Random Read/Write Cycle Time .... 160/190/235/310ns 
Static Column Mode Cycle Time ...... 55/65/80/105ns 
@ Low Power 
175mW typ. Active. 
All inputs and outputs TTL compatible 
Static Column Mode Capability 
Non Multiplexed Address 
256 Refresh Cycles (4ms) 
Refresh Functions 
Address Refresh 
Automatic Refresh PBN) 
Self Refresh HM65256BFP Series 





® ORDERING INFORMATION 








Type No Package | _ 
HM65256BP-10 
HM65256BP-12 
HM65256BP-15 
HM65256BP-20 0 600 mil 28 pin 
HM65256BLP-10 Plastic DIP (FP-28DA) 


HM65 256BLP-12 ® PIN ARRANGEMENT 
HM65256BLP-15 


HM65256BLP-20 


HM65 256BSP-10 
HM65256BSP-12 
HM65256BSP-15 
HM65256BSP-20 


HM652S56BLSP-10 
HM65 256BLSP-12 
HM65256BLSP-15 
HM65 2S6BLSP-20 


HM65256BFP-10T 
HM65256BFP-12T 
HM65256BFP-15T 
HM65256BFP-20T 28 pin 


HM65256BLFP-10T 100ns Plastic SOP 
HM65256BLFP-12T 120ns 

HM65256BLFP-15T 15Ons aa 
HM65256BLFP-20T 200ns (Top View) 


300 mil 28 pin 
Plastic DIP 
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HM65256B Series 


= BLOCK DIAGRAM 


Address Memory Matrix 


Latch (256 x 128) 8 


Control 





CE OE 1/O Pin mode 


L {| vc | H_ | Lowz Read 
rn 

H Refresh 
H Cw | xd Standby 





= ABSOLUTE MAXIMUM RATINGS 


Terminal Voltage with Respect to Vgg V 
Operating Temperature is 


Storage Temperature T stg —55 to +125 =¢ 


Storage Temperature Under Bias —10 to +85 ee 


Note) *1. Vj; min = -3.0V for pulse width S 10ns. 







Supply Voltage 






Input Voltage 
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HM65256B Series 


= DC ELECTRICAL CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V £10%) 


HM6 5256 
Parameter Symbol Test Conditions 
wp | mae 


Operating Power I To = OmA 
Supply Current CCl toye = min. 


Standby Power Isp | CE= Vyyy, OE= Vyzy 
Supply Current Isp2 CE>Vcec-0.2V, OE> Vcec-0.2V 


Operating Power Supply Icc2__ | CE= Vix, OE = Vip 
Current in Self Refresh Mode Ioc3 CE>Vcec-0.2V, OF <0.2V 


ow 
~n 
® 
a. 
@ 
a 
x 
= 
a 
nr 
NS) 
nr 
a 
w 
re 
nN 
@ 
es 
@ 
wR 











06 | 1 |ma 


Output Voltage 


Input Leakage I Voc = 5.5V 
Current o Vin = Vgs to Voc a Fa 
Output Leakage ] 
Current LO 10 —10 10 | wA 
VOL Tot = 2.1 mA = 
VOH 


OE = Viz 
Vii0 = Vss to Voc 7 
| eee 
a 


@ CAPACITANCE 


Item 









Input Capacitance 


Input/Output Capacitance 


Note) This Parameter 1s sampled and not 100% tested. 


m AC CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V +10%) 
® AC Test Conditions 


Input Pulse Levels.................00.4 2.4V,0.4V 
Input Rise and Fall Times ................... 5ns 
Timing Measurement Level.............. 2.2V,0.8V 
Reference Level ........... Vo H =2.0V, Vo, =0.8V 
Output Load .................. 1 TTL and 100pF (including scope and jig) 


Item 


~” 
< 
3 
o 
2 
ou 
nN 
w 
wN 
wi) 
N 
- 
ry 
© 
= 
an 
ws 
i) 
wa 
nN 
e 
sed 
ie) 
a2} 
K4 
nN 
A 
wv 
Lo) 
ON 
- 
pons 
ws 
nN 
Ca 
VN 
17) 
aN 
Nw 
fo) 
CS 
2. 
- 


Output Enable Access Time 

Chip Disable to Output in High Z 
Chip Enable to Output in Low Z 
Output Enable to Output in Low Z 
Output Disable to Output in High Z 


ns 
ns 
ns 


| max. | min, | max. | min. | max. | min. | 
Random Read or Write Cycle Time |tp¢ | — | 190{ - | 235] - | 310 | ns 
Static Column Mode Read or Write 5 | = | 6s) - | sof - | 10s fe 
Cycle 
Chip Enable Access Time 100 | 120 | 150 ns 
Address Access Time AA | 60 
| 50 | 


a 
a 
ar 0 
00 
ie 
ioe a 
= 
=a 


ns 


[10] 
ey sy = of = 38] 


SIS |G |G IS | |G] 2 
hy | & 

GN mm 1 UO 
c—) oj} ° wm 


Chip Enable Pulse Width (CE | 4m [120n | 4m | 150n | 4m | 200n | 4m | s 
Chip Enable Precharge Time | - | 60{ - | 75{ - | 100] - | ns 
Address Set-up Time us | of - | of- | of - | of-= [ms 
Row Address Hold Time tran | _20| - | 20[ - | %5| - | 30] = [m 
Column Address Hold Time 100{ - | 120] - | 150} - | 20] - | ns 
Read Command Set-up Time ees | of - | o[ - | of - [| o[- [as 
Read Command Hold Time ecw | 9| - | 9, - | [| - | |= [m 
Output Enable Hold Time tone [of - [of - [| of = [| o|= [as 
Time 

oe ee Ce 
Write Command Pulse Width twp | 2s] - | 25} - | 30] - {| 35] - | ns 
Chip Enable to End of Wite tow | 100 [=| 120 [= [150 | =| 200 | = [as 
Column Address Set-up Time tasw | of - | of - | o[ = | 0|- [m 
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HM65256B Series 


je} 
x 
An 
— 
w 
1, 
nN 
cm 
— 
S 
joo) 
= 
nN 
— 
id 
Lo) 
toa) 


B-12 | HM65256B-15 | HM65256B-20 : 
Unit 


Item Symbol 


Column Address Hold Time after Write LAHW ns 


Refresh Command Pulse Width for 


| max. | min. | max. | 

ea ee 
Data Valid to End of Write DW | - | 30] - | ns 
Data In Hold Time for Write (pH fF =- | of - | ns 
Output Active from End of Write Ow fee de Sey nae ns 
Write to Output in High Z | 30} - | 35] ns 
Transition Time (Rise and Fall) T ns 
Refresh Command Delay Time | - | 100} - | ns 
Refresh Precharge Time FP | - [ 30] - | ns 

| 8 


10000 | ns 


—y 
© 


Automatic Refresh 


Wi a ied 
— 
o 
o 
Oo Wl we 
Oo O]w 
i 
oe 
—i © 
‘Oo lan) wl On ~w 
Oo; © O| ©] w A OQ\|o 
peed 
So 
Oo 
oO yi te 
Oo O| wr 
vw N 
we we ~ nN 


~ ~ ~ wl mi mim | ms 
a | >| a = 
N bs 9 


Automatic Refresh Cycle Time FC ae 310 ee ns 
Refresh Command Pulse Width for Self |, | 10000 10000 | — 10000 ey ae 
Refresh Reset Time for Self Refresh ters |= | 3101 - | ns 

Notes: 

() toyz, tonz and t wyz are defined as the time at which the output achieves the open circuit conditions. 

(2) tezz, to.z and tow are sampled under the condition of f7=Sns, and not 100% tested 


(3) 
(4) 
(S) 
(6) 


(7) 


A write occurs during the overlap of a low CE and low WE. 

If CE goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state 
If input signals of opposite phase to the outputs are applied in write cycle, OE or WE must disable output buffers 
prior to applying data to the device and data inputs must be floating prior to OE or WE turning on output buffers 
Viz (min) and Vz, (max) are reference levels for measuring timing of input signals. Also, transition times are meas- 
ured between Vy, and V7, . 

An initial pause of 1 00us is required after power-up followed by a minimum of 8 initialization cycles. 


= TIMING WAVEFORMS 
© Read Cycle No. 1 (CE controlled) 


pa a 
we XO 


| 
Address XX) t | p 


{RC 








OOOO KK AXPKAXIKAK 


tas 








KK KXXXXXX 


As~ Ais (NEN 
trcs tRCH 
ae 


372 


E7777 : MAMA 


| ans 


SY VV 
Dout OX bits ou RA 
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HM65256B Series 


e Read Cycle No. 2 (OE controlled) 







Add V/V 
Ao aa Xx x) ‘i 


La AAMC OAALOA AAO OCAATOOAATALAA OACATATOOSAT 
Soe am 0 | 050056 


tROS IRCH 


we J77/ ae MANN 





es 1 01711000011111 
Dw OOO Ea FSF 


@ Write Cycle No. 1 (OE Clock) 


tre 


ICE ip 


CE ee | 


se XRD époconnoon can 





/V/V/ 
(\ (MAC 


0~ 





tas 

wry 

Add Vea, 
Arm Ari RAK | KXXX 
tow tan : 


WE ap" ]] ————— 


tocp 


OF PEE aly PO 





Dout avarars AD, LALA AALTALN 
ALYY ASA WA Wd A i i i 
© HITACHI 


Hitachi America, Ltd © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 373 


HM65256B Series 


® Write Cycle No. 2 (OE low fix) 


URC 


a V/V V/V/V YYYYAAAAA/SV/A/VY/V/\/\A SV YV/V/¥ 
o~ A? ARMY ro OXIA AAA KK AKAMA 
2 a | 
Add V/V/V JV 
Ate Ra 


et Ses 


OE 
Din (.¢, 9,7 


twHz 


= 
m 


Dout (VVANAARAAALAAINNS, 
ValaValaValalavarararvararAa® 


@ Static Column Mode Read Cycle 


irc 


a ——————e 
Address HK TT KKK KKK KKK KK KKK KKK KEK KK KKK 
(NINN ININMI NEA NEN NIE INIA ENING ‘. {\ 


Ao ~A7 





tas tCAH -— i 


pt OOO —— I = KKK KKKKKK 


(RCH 





ts} 


Vee aie 
OE Adee 7 a 


an 
pal a d V 
Dout heen ee 
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HM65256B Series 
e Static Column Mode Write Cycle 


tRc 





Aeress XXL KXXXXKKKXXXKKKKXKKKXEKKKM KKK 


INE MINLVE EN VN aA aA 
us F 
pa 





Address VAG 


V/V 
A&8~Al4 AAA 








[Scorers pe ae th rm 
ve Ny Tf WT 


OF SLLLLELL) eal ONNIAANNANINN'S 
Hen 


tbu 


Din Valid = = Valid Data In 
ae eye 
Dout NININAL | VAAL 


(MIVINANAD 





MV VV ¥ LV VVVV VY 


e Automatic Refresh Cycle 





Self Refresh Cycle 
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The Hitachi HM658128 is a pseudo-static RAM organized as HM658128P Series 
131,072-word x 8-bit. HM658128 realizes low power consump- 
tion and high speed access time by employing 1.3um CMOS 
process technology. 

The HM658128 supports 3 refresh functions: Address Refresh, 
Auto Refresh and Self Refresh. Low power version dissipates 
only 0.5mW (typ.) in Self Refresh Mode and retains the data with 
battery backup for short time. Self Refresh Mode is guaranteed 
only for L-version. 


The HM658128 is pin-compatible with 256k-bit PSRAM and (DP-32) 
static RAM. HM658128FP Series 
s FEATURES 
@ Single 5V (+10%) 
@ High Speed 


O Access Time 

CE Access Time . . . 100/120/150ns 
© Cycle Time 

Random Read/Write Cycle Time. . . 180/210/250ns 
Low Power ... 200mW typ. (Active) 

0.5mW (standby) 

All inputs and outputs TTL compatible 
Non Multiplexed Address 
512 Refresh Cycles (8ms) 
Refresh Functions 

Address Refresh 

Automatic Refresh 

Self Refresh (Only for L-version) 


@ ORDERING INFORMATION 





HM658128DP-10 100ns 

HM658128DP-12 120ns 

HM658128DP-15 150ns 600 mil 32 pin 

HM658128LP-10 100ns Plastic DIP 

HM658128LP-12 120ns 

HM658128LP-15 150ns 

HM658128DFP-10 100ns 

HM658128DFP-12 120ns 

HM658128DFP-15 150ns 32 pin Plastic (Top View) 
HM658128LFP-10 100ns SOP uw PIN DESCRIPTION 
HM658128LFP-12 120ns 

HM658128LFP-15 150ns Symbol Pin Name 


AO — Al6 Address Inputs 
1/O — 1/O7 Data Input/Output 


RFSH Refresh 
CE Chip Enable 
OE Output Enable 
WE Write Enable 
CS Chip Select 
Vcc Power Supply 
Vss Ground 
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HM658128 Series 


# BLOCK DIAGRAM 


Ao 





MEMORY MATRIX 






(512 X 256) x8 





Vo7Q ontre Column Decoder 


Address Latch Control 









ee ee 






Timing Pulse Generator 
Read Write Control 


= TRUTH TABLE 














CE 
L et : Sa ee: ee ee ae | ES 
L (aes ie a See ee eee ee 
L a a ae H | oH | HighZ - 
H L Refresh"? 
H High Z Standby 
Note) *1. Self refresh is guaranteed only for L-version. 
® ABSOLUTE MAXIMUM RATINGS 
Item Rating Unit 
Terminal Voltage with Respect to Vgg —1.0 to +7.0 V 


Power Dissipation 


Operating Temperature 0 to +70 “C 


4 
= 


Storage Temperature —55 to +125 oc 
Storage Temperature Under Bias —10 to +85 eC 


dae 


= RECOMMENDED DC OPERATING CONDITIONS (7, =0 to +70°C) 


Ren [Symbol [in Typ. [tt 

Supply Voltage v 
eS ee EE ee ee 

Vi elie Od ee 

= 7 


Note) *1. Vy zz, min = -3.0V for pulse width S 10ns. 
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HM658128 Series 


m DC CHARACTERISTICS (7, =0 to +70°C, Voc = 5V + 10%) 











Operating Power Ivo =9 
I 
Supply Current teye = min. 75 mA 
Standby Power CE=V 
I IH 
Standby Power CE 2 Voc —0.2V 
I cc 200 
Supply Current RFSH 2 Voc -0.2V | = EJ a 
CE = Ving 
I ae 
st dehtarabchie RFSH = Vin Let eS a 
Supply Current in Self Refresh Mode™! CE 2 Voc —0.2V 
loca | RFSH<0.2V tee ane les 
Vin =Vgs to Voc 
Output Leakage Current Ito VES Vin —10 10 MA 
Vijo = Vss to Vcc 
Output Voltage | Vou  |[for=21mA_ | - | KH dL OV 
Ee ae ee 


Note) *1. This characteristics is guaranteed only for L-version. 


@ CAPACITANCE (7, = 25°C, f= 1MHz) 


Item Symbol 


Input Capacitance C; 
Input/Output Capacitance 


Q 
= 5 


Test Condition 


Note) This Parameter is sampled and not 100% tested. 


a AC CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V + 10%) 


@ AC Test Conditions 


Input Pulse Levels = 8 ........... 2.4V,0.4V 
Input Rise and Fall Times ........... 5ns 
Timing Measurement Level ........... 2.2V,0.8V 
Reference Level ................... Vow =2.0V, Vo, =0.8V 
Output Load www w dw eee eee 1 TTL and 100pF (including scope and jig) 
6S 8128-8 HM658128-10 | HM658128-12 | HM658128- 
Item Symbol : 


Random Read or Write Cycle Time 

Random Read Modify Write Cycle Time 

Chip Enable Access Time 

Output Enable Access Time 

Chip Disable to Output in High Z 

Chip Enable to Output in Low Z 

Output Disable to Output in HighZ 

Output Enable to Output in Low Z 

Chip Enable Pulse Width 

Chip Enable Precharge Time i 
Address Set-up Time 

Address Hold Time 

Read Command Set-up Time 

Read Command Hold Time 

RFSH Hold Time 

Refresh Command Delay Time (Standby Mode) 





Up 
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SIN ys 
wr ow) 
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(to be continued) 
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OG 
Item 66§:28 Symbol 


Chip Select Set-up Time 

Chip Select Hold Time 

Write Command Pulse Width 32 
Chip Enable to End of Write 

Data In to End of Write 

Data In Hold Time for Write 

Output Active from End of Write 

Write to Output in High Z 

Transition Time (Rise and Fall) 


tcss 
'CSH 


(>) 
25 


tow 


o 
x 


ty, ~ ™ ols 
2 = 


tWHZ 


| 


Refresh Command Delay Time tRFD 
Refresh Precharge Time cv) F 


Refresh Command Pulse Width for Automatic 
Refresh 


Automatic Refresh Cycle Time 

Refresh Command Pulse Width for Self Refresh 
Refresh Reset Time for Self Refresh 

Refresh Reset Time for Automatic Refresh 
Refresh Period (512 cycles) 


a) 


lFAP 





tras’” 
tres” 
[RFA 
CREF 


Notes: 

(1) tcHz, tonz and twrz are defined as the time at which 
the output achieves the open circuit conditions under 
the condition of t7 = Sns and not 100% tested. 

(2) tCHZ, tCLz, tOHZ, tOLZ, twHz and tow are sampled 
under the condition of t7 = 5ns and not 100% tested. 
(3)A write occurs during the overlap of a low CE and a 
low WE. Write end is defined at the earlier of WE going 

high or CE going high. mon 

(4) If CE goes low simultaneously with WE going low or 
after going low, the outputs remain in high im- 
pedance state. 

(5) If input signals of opposite phase to the outputs are 


# TIMING WAVEFORMS 
@ Read Cycle 


Wy] 
sale 


NIN 
— — & 
oo oo ~ 
oO om) & wW Wn Wr 
OlnN 


HM658128 Series 


HM658128-10 | HM658128-12 | HM658128-15 


3 
: 
= 


=) 
“a 


Ww 
i] 
wn 


—_ 
Wi dS (BR) 
w wa Oy O!]Nina 


=) 
wn 


100 


— 
ws 
jon) 


ws) 

e@ 

& w 
wo wn On 


~ 
om] 
oe) 
—N 
sis Ss/sisisis 
nla alalalala 


oo 
:~ 
oo 
= 
oo 
= 
i) 


id 
bt 
fo) 


250 


=) 
“a 


dO 

— 

a] 
= 
nM 


250 


aie 


Mm | Ge 
ws 
~ 
wn” 


=) 
79 


applied in write cycle, OE or WE must disable output 
buffers prior to applying data to the device and data 
inputs must be floating prior to OE or WE turning on 
output buffers. 

(6) Vyzz (min) and Vz; (max) are reference levels for 
measuring timing of input signals. Also, transition times 
are measured between Vyz; and V7z;. 

(7) An initial pause of 100ys is required after power-up 
followed by a minimum of 8 initialization cycles. 

(8) After Self Refresh, Auto Refresh should be started with- 
in 15ys. (only for L-version) 

(9) This characteristics is guaranteed only for L-version. 


ERC 


ae 
cE Cea won: 
tcss 


: TTT | 
xO | 


we EE 





Address 
Ao~ Ai6 


- Wim 


ANNNAN' 
PE ceceee: a 
My 


tcLz 


Dout 







RA AS 






- KKK KKK XXX XA AKA ADK KA 


trcH 


ie CO 
WITS TLL. 


tcuz 


XM tion 
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HM658128 Series 


@ Write Cycle-1 (OE Clock) 





cE 
° LLL] _[_ So 
Mee XXXR It4 XK KAKA XA DKK 


al 
= TTITT INI LLL) Pp FWA 





FER SS eese LL 
epee 7 
ae AVAVAVAVAVAYAV 
Dout VALVE V AV 
Write Cycle-2 (OE Low Fix) 





tcss}| | tcsu 


. ia [SSN 
Heshth XY ai KXXXKKK X 


RA OOOO DAD KK 


* a = 
= Moh 
7 wT ot ___I1® 
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HM658128 Series 


@ Read Modify Write Cycle 


tawc 
ee A// 


abe, 4 
oY | canes ie ee 
Address xx) at XXXX XXX 


Ag-A 


: 0000000 OO010O2OOPOOOKKKX 
; al = 
Pee 4 


aE 
= ASS pees LLLLLLLLAL ALLL LL LL 


- a . 


tel =. 


@ Automatic Refresh Cycle 





a a 


Note) Self refresh is guaranteed only for L-version. 


@ CS Standby Mode 
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HM658128 Series 


SUPPLY CURRENT VS. SUPPLY VOLTAGE (1) SUPPLY CURRENT VS. AMBIENT TEMPERATURE (1) 


Supply Curent Icci (Normalized) 
Supply Curent 1cc1 (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (C) 


SUPPLY CURRENT VS. SUPPLY VOLTAGE(2) SUPPLY CURRENT VS. AMBIENT TEMPERATURE (2) 


Supply Curent 1ccz (Normalized) 
Supply Curent 1cc2 (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


SUPPLY CURRENT VS. SUPPLY VOLTAGE(3) SUPPLY CURRENT VS. AMBIENT TEMPERATURE (3) 


Supply Curent lcc3 (Normalized) 
Supply Curent 1cc3 (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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HM658128 Series 


ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE 





z z 
u o 
E E 
é : 
Supply Voltage Vac (V) Ambient Temperature Ta (°C) 
STANDBY CURRENT VS. SUPPLY VOLTAGE (1) STANDBY CURRENT VS. AMBIENT TEMPERATURE (1) 


Standby Current 1sspi (Normalized) 
Standby Current 1sBi (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


STANDBY CURRENT VS. SUPPLY VOLTAGE(2) STANDBY CURRENT VS. AMBIENT TEMPERATURE (2) 


Supply Current Issz (Normalized) 
Supply Current 1ssz (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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HM6581 28 Series 


LOW LEVEL INPUT VOLTAGE VS. SUPPLY VOLTAGE HIGH LEVEL INPUT VOLTAGE VS. SUPPLY VOLTAGE 


High Level Input Voltage Vinmin (Normalized) 


Low Level Input Voltage Vinmax (Normalized) 





Supply Voltage Vcc (V) Supply Voltage Vcc (V) 


HIGH LEVEL OUTPUT CURRENT VS. OUTPUT VOLTAGE LOW LEVEL OUTPUT CURRENT VS. OUTPUT VOLTAGE 


High Level Output Current lou (Normalized) 
Low Level Output Current lo: (Normalized) 





High Level Output Voltage Vou (V) Low Level Output Voltage Vor (V) 
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Access Time tcea, toza (Normalized) 


0.8 


0.6 


100 





HM658128 Series 


ACCESS TIME VS. LOAD CAPACITANCE 


200 300 400 500 


Lead Capacitance Ci pF) 
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Section 4 
Video Memory 
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HM6G3021 Series 


2048-word x 8-bit Line Memory 


HM63021 is a 2048-word x 8-bit static Serial Access Memory 
(SAM) with separate data inputs and outputs. Since it has an 
internal address counter, no external address signal is required 
and internal addresses are scanned serially. Using five different 
address scan modes, it is applicable to FIFO memories, double- 
speed conversions, 1H delay lines and 1H/2H delay lines for 
digital TV signals. Its minimum cycle times are 28 ns and 34 ns 
each corresponding to 8 fsc of PAL TV signals and NTSC TV 
signals. All inputs and outputs are TT L-compartiable. This device 
is packaged in a 300-mil dual-in-line plastic package. 


Features 
@ Five modes for various applications 
e Corresponds to Digital TV system with 4 fsc sampling 
(PAL, NTSC) 
@ Decoder signal output pin; Fewer external circuits 
Asynchronous Read/Write operation; 
Separate address counters for Read/Write 
No Address Input required 
High Speed; Cycle Time 28/34/45 ns (min) 
Completely Static Memory; No refresh required 
8-bit SAM with separate I/O 
Low Power; 250 mW typ. Active 
Single 5 V supply 
TTL compatible 


Pin Arrangement 





(DP-28N) 


Ordering Information 


Cycle 


Time Package 


HM63021P-28 28 ns 
H1M63021P-34 34 ns 
11M63021P-45 45 ns 


300-mil 28-pin 
Plastic DIP 





(Top View ) 


© HITACHI 


388 Hitachi America, Ltd. Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 « (415) 589-8300 





Pin Description 


Pin No. Pin Name Functions 
1 MODE1 Mode Input 1 (All Modes) | 
Tal aa Read Clock Input (TBCE, DSC, TBC) 
2 RCLK/CLK Clock Input (1H/2H, D) 
To pie Read Reset Input (TBCE, DSC, TBC) 
3 RRES/RES Reset Input (1H/2H, D) 
4-11 Din 0 — Din 7 Data Inputs (All Modes) 
12 WE Write Enable Input (All Modes) 
High Impedance (TBCE, DSC) 
13 High Z/WDEC/DEC1 Write Decode Pulse Output (TBC) 
Decode Pulse Output 1 (1H/2H, D) 
14 Vss Ground (All Modes) 
ae Write Clock Input (TBCE, DSC, TBC) 
15 WCLK/WT/DEC4 Write Timing Input (1H/2H) 
Decode Pulse Output 4 (D) 
Write Reset Input (TBCE, DSC, TBC) 
16 WRES/DS/DEC3 Delay Select Input (1H/2H) 
Decode Pulse Output 3 (D) 
17-24 Dout 0 — Dout 7 Data Outputs (All Modes) 
25 OE Output Enable Input (All Modes) 
Mode Input 3 (TBCE) 
26 MODE3/RDEC/DEC2 Read Decode Pulse Output (TBC) 
Decode Pulse Output 2 (1H/2H, D) 
27 MODE2 Mode Input 2 (All Modes) 
28 Vcc Power Supply (+5V) (All Modes) 
Mode Table 
Mode Signals Mod 
MODE1 MODE2 MODE3 ae 
H H H Time base compression/expansion (TBCE) 
H H L Double speed conversion (DSC) 
H L ed | Time base correction (TBC) 
L H _ “1 1H/2H delay (1H/2H) 
L L ad Delay line (D) 
Note) *1. Decoder Output Signal (RDEC, DEC2) 


Absolute Maximum Ratings 
Parameter 
Voltage on Any Pin relative to Vgg 
Power Dissipation 
Operating Temperature 
Storage Temperature 
Storage Temperature under bias 


Note) *1. —3.5V for pulse width S 10 ns 
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Symbol Rating Unit 
Vr -0.5"lto+7.0 V 
Py 1.0 W 
Topr 0 to +70 "C 
Tstg -55to+125 °C 
Tobias -10 to +85 Bo 
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Application Example 


Picture in Picture 
Non interlace 

Time Base Corrector 
Vertical filter 

Delay line 
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HM63021 Series 


Block Diagram 








V WE Din0-~ = — Din7 
SS 


OP Write Address 
Contro 


O 
- Address ye 
Decoder 





Write Column Decoder 


Write Column Switch 


ee 


Memory 







RCLK/CLK 


RRES/RES 












WCLK/WT 





Timing 
Control 
Logic 

















WRES/DS 


MODE1 












Decoder Decoder 
















MODE2 A 


(128x64 ) 


B 
(128x64 ) 








MODE3 





(2047 ) 
(900, 1810) 
Read Column Switch 
Address | (909, 1819) 
Decoder 
Read Column Decoder (1134) 
(1125) 










Op Output Latch Cp Read Address 
am — 


YO 


i 


Dout0 Dout7 “OE 


Recommended DC Operating Conditions (7a = 0 to +70°C) 





Parameter Symbol min typ max Unit 
Vv ° ° e 
Supply Voltage ee ais = 2 - 
Vss 0 0 0 V 
V ; - 
Input Voltage a a ae i = 
VIL —0.5 — 0.8 Vv 


Note) *1. ~—3.0V for pulse width < 10 ns. 
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HM63021 Series 


DC and Operating Characteristics (Ta= 0 to +70°C, Voc = 5V + 10%, Vs = OV) 


Parameter Symbol min typ"! max Unit Test Condition a 
Vcc =5.5V 
Input Leakage Current py! - _ 10 pA Vin = Vgg to Vc 
OE = Vin 
Output Leakage Cu t I - - 10 A 
utput Leakage Curren trol M Vout = Vss to Voc 
Operating Power Supply Current Icc — 50 90 mA Min. cycle, lout = 0 mA 
IoL = 8 mA*2, Dout 0 to Dout 7, 
VOL 7 - os Mi DEC Output pin 
Output Voltage 24 7 _ V Ion = -4 mA, Dout 0 to Dout 7 
NOMS eh ie 
2.4 a2 7 V IoH =-1 mA, DEC Output pin 


Notes) *1. Typical values are at VCC = 5V, Ta = 25°C and for reference only. 
*2. IOL = 6mA for 45ns version. 


Capacitance (Ta = 25°C, f= 1.0 MHz) 


Parameter Symbol min typ max Unit Conditions _ 
Input Capacitance Cin _ _ 6 pF Vin = OV 
i —_ 
Output Capacitance”? Cout ~ — 9 pF Vout = 0V 


Notes) *1. This parameter is sampled and not 100% tested. 
*2. 13,15 — 24, 26 pin 





AC Characteristics (Voc = 5V + 10%, Ta= 0 to +70°C, unless otherwise noted.) 
@ AC Test Conditions 

Input and Output timing reference levels: 1.5V 

Input pulse levels: Vgc to 3V 

Input rise and fall times: 5 ns 


HM63021-28/34 


Dout Output Load (A) Dout Output Load (B) 
(tozz, tonz) 
DEC Output Load +5V 
+5V 
+5V 
5102 4802 480Q 
DEC Dout Dout 
3952 *1 * 1 * 1 
30pF 2550 30pF 2552 5pF 


* 1 Including scope and jig. 


HM63021-45 
Dout Output Load (B) 


DEC Output Load Dout Output Load (A) (toxz, tonz) 


+5V 
6 
4Q 


+5V 
676Q 252 
DEC Dout 
495Q 30pF*! 29 30pF*? 


*! Including scope and jig 
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Read Cycle 
HM63021-28 HM63021-34 HM63021-45 : 
Parameter Symbol : - : Unit 
min max min max min max 
Read Cycle Time tRC 28 — 34 — 45 — ns 
1 — 1 _ _ 
Read Clock Width ‘RWL : p = = 
tRWH 10 — 10 _ 15 _ ns 
Access Time tac ~ 20 _ 25 — 30 ns 
fall t ~ 20 — 25 _ 30 
Decode Output Access Time ( ) DA! a 
(rise) tpA2 — 40 — 50 ~ 60 ns 
Output Hold Time tOH 5 _ 5 — 5 — ns 
fall t 5 _ 5 ~ 5 -- 
Decode Output Hold Time ¢ = DOHI = 
(rise) tnOH2 3 — ) ~ 5 — ns 
Output Enable Access Time tok - 20 _ 25 _ 30 ns 
Output Disable to Output in High Z tOHZ 0 15 0 20 0 25 ns 
Output Enable to Output in Low Z tOLZ 5 — 5 _ 5 - ns 
Write Cycle 
HM63021-28 HM63021-34 HM63021-45 ; 
Parameter Symbol - - : Unit 
min max min max min max 
t 28 — 4 - 4 — 
Write Cycle Time WC : : = 
twC(LH/2H Mode) 56 — 68 — 90 — ns 
Write Clock Width SWWL = = ~ 2 a = — 
twwH 10 - 10 — 15 _ ns 
Input Data Setup Time tps 5 — 5 — fi - ns 
Input Data Hold Time tpH 5 - 5 _ 7 _ ns 
WE Setup Time 'WESL 2 = 2 = ! ee ts 
twESH B) - 5 — 7 — ns 
5 — 2 zs 
WE Hold Time 'WEHL : f = 
twEHH 5 _ 5 — i. — ns 
t 5 _ — ~ 
WT Setup Time WISL 2 d a 
twTSH 5 — 5 — 7 _ ns 
om 5 — = a 
WT Hold Time SWIHL : u a 
tWTHH 5 _ 5 — 7 ~ ns 
Reset Cycle 
HM -28 -34 
Parameter Symbol : a = eee = eu iat Unit 
min max min max min max 
Reset Setup Time tRES 8 - 9 _ 10 - ns 
Reset Hold Time tREH 5 — 5 _ 7 — ns 
Clock Setup Time Before Reset tREPS 8 — 9 — 10 _ ns 
Clock Hold Time Before Reset tREPH 5 _ 5 ~ 7 ~ ns 


Mode Description 


392 


@ Time Base Compression/Expansion Mode 


This mode turns HM63021 into a 2048-word x 8- 
bit FIFO memory with asynchronous input/ 
output. The HM63021 provides 2 clocks 
(RCLK, WCLK) and 2 resets (RRES, WRES), 








reset to address 0. A write-inhibit function of 
HM63021 stops writing automatically after the 
data has been written into all addresses 0 to 
2047. The write-inhibit function is released by 
reset using WRES, and the HM63021 restarts 
writing into address 0. 


one each for read and write. The internal address @ Double-Speed Conversion Mode 
counters increment by 1 address clock and are This mode turns HM63021 into a 1024-word x 
@ HITACHI 
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8-bit x 2 memory with asynchronous input/ 
output. It is used for generating non-interlaced 
TV signals. When the original signal and the 
interpolated signal (1 field delay) of interlaced 
signals are input to the HM63021, multiplexed 
per dot, it outputs non-interlaced signals for each 
line. 8 fsc should be input to RCLK and WCLK. 
A standard H synchronizing signal and a non- 
interlace H synchronizing signal are input to 
WRES and RRES respectively. A write-inhibit 
function is provided in this mode, making it 
applicable to PAL TV, where extra data 
(1135-1024 = 111 bits) is ignored. 


TBC Mode 

This mode turns HM63021 into 2048-word x 
8-bit FIFO memory with asynchronous input/ 
output. The WHM63021 provides 2 clocks 
(RCLK, WCLK) and 2 resets (RRES, WRES), 
one each for read and write. The internal address 
counters increment by 1 address at each clock 
and are reset to address 0. The internal address 
counters return to address O after they reach 
address 2047. The HM63021 outputs a write 
decode pulse from WDEC, synchronizing it with 
address 2047 in the write address counter, and 
read a decode pulse from RDEC, synchronizing 
with address 2047 in the read address counter. 
Using these pulses, the memory area can be ex- 
tended easily (multiple-HM63021s can be used 
with ease). 


1H/2H Delay Mode 

This mode turns HM63021 into a 1024-word x 
8-bit x 2 delay line with synchronous input/ 
output. Delay time is defined by the reset period 








(1) Read after Write (3 bits delay) 





HM63021 Series 
of RES. Since the HM63021 outputs a 901 
decode pulse (DEC1) and a 910 decode pulse 
(DEC2), connecting DEC2 to RES, for example, 
outputs 1H- and 2H- delayed signals alternately 
at a 8- fsc cycle when the original signal is input 
at a 4- fsc cycle. A write-inhibit function is pro- 
vided in this mode, making it applicable to PAL 
TV, where extra data (1135-1024 = 111 bits) is 
ignored. 


Delay Line Mode 

This mode turns HM63021 into a 2048-word x 
8-bit delay line with synchronous input/output. 
Delay time (3 to 2048 bits) is defined by the 
reset period of RES. The delay is 2048 bits 
when RES is fixed High. Signals delayed by 910 
bits to 1135 bits for example, can be easily ob- 
tained without external circuits by just connect- 
ing selected decoded pulses on DEC1 — DEC4 to 
RES. 


Notes on Using HM63021 


@ Hitachi recommends that pin 13 (high im- 


pedance) should be fixed by pulling up or down 
with a resistor (of several kQ2) in TBC or DSC 
mode. 

Hitachi recommends that the mode signal input 
pins and DS pin should be fixed by pulling them 
up or down with a resistor (of several k{2). 


Data integrity cannot be guaranteed when mode 
is changed during operation. 


When a read address coincides with a write 
address in TBCE, TBC or DSC mode, the data is 
written correctly but it is not always read 
correctly. 


<< Write Cycle 


<@— Read Cycle 


<— Write Cycle 


<— Read Cycle 
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@ At power on, the output of the address counter 
is not defined. Therefore, operations before the 
system is reset cannot be guaranteed, and decode 
signal output is not defined until after the first 
reset cycle. 


The decode signal is latched by a decode output 
latch circuit at the previous address of the in- 
ternal counter address and is output synchron- 
ized with the next address. For example, WOEC 
in TBC mode is latched at write address 2046 
and is output at write address 2047. If a write 
reset is performed on address 2047 at this time, 


CLK 


RES 
WRES 
RRES 


@ Hitachi recommends that tm (time between 


mode set and the first cycle (Pre-reset)) should 


(1) TBCE, TBC, DSC and Delay Line Mode 








the write address becomes 0 and WDEC is out- 
put. 
The same operation is performed in other modes. 


In the reset cycle, the input levels of WRES, 
RRES, RES are raised to satisfy te ey, and are 
fixed high until tgepy in the next pre-reset cycle 
is satisfied. The rise timings of the reset signals 

(RES, WRES, RRES) are optionals provided that 

the treps specification is satisfied. The timings 

at which RES, WRES, and RRES fail after pre- 

reset are also optional, provided that the teepy 

and tres specifications are satisfied. 





be kept for 2 cycle time (56ns / 68ns / 90ns) or 
more while the power supply is on. 

























pee W/L XLZZ/ para 
eee sans sacmnneens UE 


XXX KKK XX KKK KX 
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(2) 1H / 2H Delay Mode 


mode, DS X Vahd 





CLK 
WT 
RES 
Note When mode pins are fixed with Vcc, GND in mode set 
while the power supply is on, tm spec 1s not needed 
Decode Signal 


When internal address counter reaches the specified address as shown below, decode outputs become low. 








Pin Pin Internal Address Timing of the 


Mode No. Name counter Output Signal Operation 
TBC 13 WDEC Write 2047 After Write 2047 Completion of Writing on all bits is detected. 
26 RDEC Read 2047 Output of 2046 Completion of Reading from all bits is detected. 
DECI By inputting this signal to pin #3, 901/1802-bit 
don 13 DEC1 Read 900 (2H) Output of 900 (1H) delay output is obtained. 
26 DEC2 Read 909 (2H) Output of 909 (1H) BY mPubting this signal fo pin #3, 910/1820-bit 
Read 900 Output of 899 ahd Vee sent to pin #3, 901-bit delay 
13 DEC] By inputting this signal to pin #3 after the 
Read 1810 Output of 1809 frequency of DECI is devided into two, 1811-bit 
delay output is obtained. 
Read 909 Output of 908 Sateen se wis to pin #3, 910-bit delay 
Dela ———- - 
line ¢ 26 DEC2 By inputting this sig nal to pin #3 after the 
Read 1819 Output of 1818 frequency of DEC2 is devided into two, 1820-bit 
delay output is obtained. 
16 DEC3 Read 1134 Output of 1133 te a a aa 
15 DEC4 Read 1125 Output of 1124 By inputting this signal to pin #3, 1126-bit delay 


output is obtained. 
Note) When counter is reset by Reset Signal (RRES, RES, WRES), address becomes 0. 


Write-inhibit Function 


When internal address counter is as follows, writing is inhibited automatically for the next cycle. The write- 
inhibit function is cancelled by reset through WRES or RES. 


Write-inhibit Function 


Mode (internal counter address) 
TBCE Write-inhibit after address 2047 
DSC Write-inhibit after address 1023 x 2 
TBC No function 
1H/2H Write-inhibit after address 1023 
D No function 


Note) When address counter is reset by WRES or RES, address becomes 0. 
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Read Reset Cycle (TBCE, TBC Modes) 






Address 
ce Se Hae Hh seam HY roe 


Ane 


ELLIVILLLLLLLLLLLLL 


ton ton ton 





tac tac 


oe! IOC CE OR IEE OO 





Notes) “1. The read address counter is reset at the first falling edge of RCLK after RRES falls, meeting the specifications 
of treps and trepHy, and It is not reset at the next falling edge of RCLK even if RRES is kept low. 
When tres, tRrEH) tREPS, and tnrEpH cannot meet the specifications, the reset operation is not guaranteed, 
“2, Output is from the read address of the previous cycle. 
“3, When RRES Is fixed high, the data at the read address counter is reset after the data of address 2047 is output, 
and the same operation restarts, 


Write Reset Cycle (TBCE, TBC Modes) 
‘Reset 
n= 1 | oni Cycle | n | nCycle | First } First Cycle | eae Second } Second Cycle — 


wres*! /////////4 WM TTT 


tos \t px 


OX (n-1) XXXK) Fan XXX X (0) XXKKX 1) XXKXK (2) KXXXK) 


t wase|! went 





Note) The write address counter is reset at the first falling edge of WCLK after WRES falls, meeting the specifications of 
tREps and tpEpy, and it is not reset at the next falling edge of WCLK even if WRES is kept low. 
When tres, tREH, tREPS, 82nd tpEpH cannot meet the specifications, the reset operation is not guaranteed. 
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Reset Cycle (DSC Mode) 


7s RL UNE. RL ZZ 











MRES ALLLLLLLLL 


trepn treps 







NCO ECC CCC CD WCCO. 


RCLK 
= o oP 


mes 7 TR ALALL LAL, WK | ASALLLAL/ Ne 


treps|t repH 









oe (BI) X (Be) X_ (B3) K_(A0) (AL) X (42) X (43) (BO) 


Reset Timing 1 Reset Timing 2 


Notes) *1. The write address counter is reset at the first falling edge of WCLK after WRES falls, meeting the specifications 

of treps and trepy, and is not reset at the next falling edge of WCLK even if WRES is kept low. 
When tres, tREH; tREPS, 2nd tprEpH cannot meet the specifications, the reset operation is not guaranteed. 

*2. The read address counter is reset at the first falling edge of RCLK after RRES falls, meeting the specifications 
of treps and trepy, and it is not reset at the next falling edge of RCLK even if RRES is kept low. 
When tres, tREH, tR and t 47 cannot meet the specifications, reset operation is not guaranteed. 

*3. When PREP HS tRES, tREH (WEES to WCLK), or trEPS, tREPH) tRES: tREH (PRES to RCLK) cannot meet 
the specifications, the output of video signal A is not guaranteed. (Reset Timing I). 

*4. When ‘REPS (WRES to RCLK), or tres, tREH, tREPS, tREPH (PRES to RCLK) cannot meet the specifica- 
tions, the interpolation signal B is not guaranteed. (Reset Timing II). 
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Reset Cycle (1H/2H Mode) 


Rawat Address Address Address 
eos 0(1H )Output |/0{2H ‘Output 0 Input 


: KEE 
[L/ 


‘ WE THA | XA Z// 


WT 
twrse twran 





(4fsc) 


test 


RES OSU: ae TA AMUN 







#1, 43 


Din  (n-2) XXXXKKKKM (a1) YOXXXKY OK (0) XXXXXK 





ton 
#3 pt. Las 
Dout Ke XY ae “ Gy xX 4 iY Se YW . 
2H 
twas, ¢ wen 
EES somone. GS seman, a, OT AO 
DS - (High) or (Low) 





Notes) “1. WT is the input during half cycle of CLK, meeting the specifications of twrgz, twTHL twrsH.and twrHH: 

Data is written when WT is low. Reset is possible when Wr is high. 

“2, Read address counter is reset at the first falling edge of CLE after RES falls, meeting the specifications of 
treps and trepr, and it is not reset at the next falling edge of CLK even if RES is kept low. 
When tres, tREH, tREPS, and trEpH cannot meet the specifications, the reset operation is not guaranteed. 

“3, When ps is fixed high, 1H output data is delayed by n bits and 2H output data is delayed by 2n bits where 2n 
is the reset cycle of i 
When DS§ is fixed low, 1H output data is delayed by n-5 bits and 2H output data is delayed by 2n-5 bits, 
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Reset Cycle (D Mode) 


ee ITTF YS 


reps trepy 


si [\ S\N | FRAN | SN FN SN 


me XN XWKOA KX) ae mr XXX XX XY 


a Le 


MD QED 06 CED ON CRD 06 QE 06 AALIIE 016 ATID 6.0, LCI 0 


Note) *1. The read address counter is reset at the first falling edge of CLK after RES falls, meeting the specifications of 
trEps and trEpy, and it is not reset at the next falling edge of CLK even if RES is kept low. 
When tres, tREH; tREPS, and tpEpH cannot meet the specifications, the reset operation is not guaranteed. 


Write Enable (TBCE, DSC, TBC, D Modes) 


ae Ss [ara Gree 


tos |t ou 


OX) XT DEK KKK 8+ XK 2 + XX 





Notes) *1. When twEHL, twESH> twEHH, 2nd twESL cannot meet this specifications, the write enable operation is not 
guaranteed, 
*2. In the delay line mode, CLK takes the place of WCLK. 
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Write Enable (1H/2H Mode) 













CLK 


BT 


eT WD ee : a Ti OT 


twesn' 


Vices t went er | 
Weel [TTF OOS 


Din RX) OOO QOOK OOOO (2 +3 XXX 


Note) “1, When twrs_, twrHL, tWEHL: 2nd twEHH cannot meet the specifications, the write enable operation is not 
guaranteed, 








Decode Output (TBC, D Modes) 






Notes) “1. In TBC mode, WCLK or RCLK takes the place of CLK. 
#2. DEC is WDE or RDEC in TBC, DECI, DECT, DECS or DEC4 in D mode. 


Decode Output (1H/2H Mode) 





Note) *1. When twTs_L, twrHL> twTSH, 2nd twTHH cannot meet the specifications, the decode output operation is not 
guaranteed. 
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Output Enable (All Modes) 


Data Valid NN Data Vahd 





Note) *1. Transition of toyz and twLzis measured +200 mV from steady state voltage with Output Load B. 
This parameter is sampled and not 100% tested. 
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HM53051P* 


* An Application Note is available for this device, contact your local Hitachi representative. 
262144-word x 4-bit Frame Memory 


HM53051P is a 262,144-word x 4-bit frame memory, using the 
most advanced 1.3um CMOS processes. It performs serial access 
by an internal address generator. 

It offers a high-speed cycle time of 45ns or 60ns (min). As 
input data and output data can be written or read in any cycle, 
synchronized with a system clock, and the delay between data 
read/write operations is freely settable. Y/C separation and 





frozen pictures can be realized easily in 4fsc NTSC digital TV or (DP-18B) 
VCR systems. Also, it enables random access in 32-word x 4-bit 

data block. With this function, picture in picture or a multi- Pin Arrangement 
plexed picture can be displayed with ease. 

Features 


@ 262,144-word x 4-bit serial access memory 
@ Organized with dual ports 


Serial input x 4-bit 
Serial output x 4-bit 
@ High Speed 


Read/Write Cycle Time: 45ns/60ns (min) 
Access Time: 35ns/40ns (max) 
@ Semi-synchronous Read/Write Cycle 
@ Low Power 
Active: 200mW (typ) 
@® Random Access in 32-word x 4-bit blocks (Top View) 
@ External Refresh Control is unnecessary 


Ordering Information 





Pin Description 


Pin Name’ ‘Function 





Type No. Cycle Time Package 
HM53051P-45 45ns 300 mil 18-pin __Din__Data Input 
HM53051P-60 60ns Plastic DIP Dout Data Output 
Block Diagram OE Output Enable 
TAS Transfer Address Strobe 


CLK System Clock 
CGW Clock Gate (Write) 











SADO 
CGR Clock Gate (Read) 
External Address 7 
SAS O Address Coane: sede Memory Array SAD Serial Address 
Register er 262,144 x 4 aenanea : 
te Rage SAS Serial Address Strobe 
ThEO ee : 
TAS WE Write Enable 
| Column Decoder Decoder 
Read/Wnite/Refresh we ar Ty 
CLK 0 Control é ez z! Ho hd nN 7a 
CGR O Timing Generator a: Data ee Data 
CGWO a: ee 
Shift jst Ree | Shift Register 
a arn Lol A / 
OF “GUO 50 OO000 
OE Dout0 Dout2 Dm0 Din2 WE 


Dout] Dout3 Dinl = Din3 


© HITACHI 
402 Hitachi America, Ltd ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


HM53051P 


Functional Description 


Serial access memory with I/O separated @ Write cycle by CGW 
Read cycle and write cycle of ,HM53051 can be Write data are taken in at the falling edge of the 





operated independently synchronized with a system system clock CLK when CGW is low. tf CGW is 

clock. It realizes time compression or expansion for high, HM53051 does not enter write cycle (cycle 

picture in picture in digital TV, for example. time is defined by system clock cycle time). Time 
is compressed easily with CGW. 





@ Read Cycle by CGR 

Read data is output at the falling edge of the system defined by system clock time). Time is expanded 
clock CLK when CGR is low. If CGR is high, __ is realized easily with CGR. 

HM53051 does not enter read cycle (cycle time is 


eee ee 
Do XK dott XK te KX) 





Random Access 

The HM53051 is also capable of random access by Flag), WF (Write Flag) and MF (Mode Flag) are read 
serial address input, SAD. Random access by the into by SAD with synchronous SAS. In order to 
unit of 32-word x 4-bit is performed, when TAS is output data continuously, the address specified by 
low after read address (ARO — AR12), write address | SAD increments automatically. 

(AWO — AW12) and mode setting flags, RF (Read 


eee jae See deed ee eS es 


Em | EXD (4 GEC | QC GARMIN QCA HCI (GAC) GURL) GENE WANN 





Mode Programming 
Operation mode in HM53051 is programmed by the combination of SAD 5-bit. 
MF WF RF AWO ARO Mode 
0 0 0 x x Write/read address asynchronous transfer 
0 0 1 x x Write address asynchronous transfer 
0 1 0 x x Read address asynchronous transfer 
0 1 1 x x a 
1 0 0 x x Write/read address synchronous transfer 
1 0 1 x x Write address synchronous transfer 
1 1 0 x x Read address synchronous transfer 
1 1 1 1 1 System reset 
1 1 1 0 0 
1 1 1 0 1 Inhibit 
1 1 1 1 0 
Note) x means Don’t care. 
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Read/Write Address Asynchronous Transfer Mode 
@ Read address asynchronous transfer mode 
(1) Read address asynchronous transfer mode (1) (CGR: Low) 


1 2 3 31 32 33 63 64 65 








CRO - -- -- 
pot KI IT-- ----- DOME: --- oT IKE: 


Add AR Add AR+1 


Note) The data block at read address AR, specified by SAD, is output starting from the 32-nd system clock after the 
of TAS. 


(2) Read address asynchronous transfer mode (2) (CGR: High) 


yy X_D2_ ux _D4_ XY 


| Add AR 


Notes) *1. The data block at read address AR, specified by SAD, is output starting from the 32-nd system clock after 


the falling of TAS. 
*2. If CGR is turned to low after 33-rd clock from the falling edge of TAS, the data at read address AR (D2, D3, 


D4...) is output with synchronous CLK while CGR is low. 





@ Write address asynchronous transfer mode 
(1) Write address asynchronous transfer mode (1) (CGW: Low) 


Add AW+1 Add AW+2 





Note) The data block at write address AW, specified by SAD, is taken in starting from the 1-st clock after the falling edge 
of TAS. 


(2) Write address asynchronous transfer mode (2) (CGW; High) 
35 36 


1 2 De eo eceerie MOL 32 33 34 


TAS [ee 
CGWo0 a pee 





162) 


Din — XXXXXXYAXXXK <a ean KA KRAAAAAA, D1 _XMK D2 XXX D3 AM OK 
Add AW 


Note) If CGW is turned to low after falling of TAS, the data block at write address AW is taken in with synchronous CLK. 
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Read/Write Address Synchronous Transfer Mode 
@ Read address synchronous transfer mode 


1<n<32 
1 2 63 64 65 66 


a n 31 32 33 34 
oe ee ee ee ee er ee 
= er al [ee 
TAS 


LGR a a el ce 
Dout DIXXX D2 XXX D3 Dn Dnt+i\\ D31XXK D32 XXX D1 XXX D2 XX) 3 (( XX D31 XXX D32 XXX D1 XXX D2 


Add ARN Add ARN+ 1 ————>}=——- AR 


Note) When TAS turns to low, the data block at read address AR, specified by SAD, is output after the data block at the 
present read address ARN, and the next address ARN+1 is put out. 


@ Write address synchronous transfer mode 





XX D1 XXX D2 ( Dn Nar (oan XK D32KXX D1 AXA D2 XXX D3 


Add AW Add AW +1 





Note) When TAS turns to low, the data block being written is taken into write address AW. 


System Reset Mode 
System reset mode is the same as read/write address asynchronous transfer mode except that read/write 


address are reset to 0. 
@ System reset by SAD 
Note) System reset mode starts when MF, WF, RF, AWO, and ARO are all high. 


@ System reset by SAS and TAS 


eee reset mode 


Note) System reset mode starts when both SAS and TAS are low at the falling edge of the CLK. 





® 1 field delay 


Note) Field-delayed data is output, when CGR and CGW turn to high before the system reset at the beginning of every 
field, and turn to low simultaneously after the 33rd clock from the system reset. 


© HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy ¢ Brisbane, CA 94005-1819 © (415) 589-8300 405 





HM53051P 


Notes on Using HM53051 


Input/output data of 32 words is not written or 
read in read/write address asynchronous transfer 
mode or during system reset. The data is written 
or read out in blocks of 32-word x 4-bit. Input 
data of less than 32 words is not written in write 
address asynchronous transfer mode or during 
system reset. When asynchronous read address 
transfer mode or system reset mode is activated, 
output from the current data block will 
continue. When output data from the current 
data block is finished, the next data block is not 
read out if it has less than 32 words. 


(1) Read/write address asynchronous transfer mode 


TAS 


CLK 


cycle 






(Write Address 
AN) 


Din 


Dout 


(2) Read/write address synchronous transfer mode 


Input data is not read out immediately. The data 
(32 word x 4-bit) is written into the memory 
array in the next 32 cycles after it is taken in. 

The data can be read out only after writing to 
the memory array is completed. If read address 
transfer mode is programmed after the 33 word 
clock from on input data block, new data can be 
read out. If this mode is programmed before the 
33 word clock, new data or old data is output. 





(Read Address 
AN) 





Dout of 


Din of Writing on Reading from 
| Address AN | Address AN | Address AN | Address AN 


eee ae eee [eee a es ie eee 


(Write Address 
AN) 


Din of 
Address AN 


Writing on 
Address AN 





(Read Address 
AN) 


ees Seeteeie Se 


Dout of 


Reading from Address AN Address 
AN 


Dout of 


Address AR Dout of Address AR+1 
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@ Mode programming 


Do not reprogram read address transfer mode 
before a read operation of the previous read 
address transfer mode or system reset mode is 
completed. If it is reprogrammed during a read 
operation, address becomes invalid, and the 
device may malfunction. 


HM53051P 


Do not reprogram write address transfer mode or 
system reset mode before a write operation of 
the previous write address transfer mode or 
system reset mode is completed. If it is repro- 
grammed during a write operation, address 
become invalid, and the device may malfunction. 


(1) Read address asynchronous transfer mode 


x OPP PCP PPerie rs 


cycle 


TAS 


(Read Address AN) (Read Address AM) 





Reading from Reading from Dout of 
Address AN Address AM Address AM 
Dout of 
Address AN 


(2) Read address synchronous transfer mode 


(Read Address AN) (Read Address AM) 


Reading from Dout of Reading from 


| Address AN 7 Address AN | Address AM 


(3) Write address asynchronous transfer mode 





(Write Address AN) (Write Address AM) 


Din of Writing on 
Address AN Address AN Address AM 
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(4) Write address synchronous transfer mode 





CLK 
cycle 
TAS 
(Write Address AM) 
Din 
Din of Writing on Din of 
Address AN Address AN Address AM 
@ Addresses must be set by read and write address 32 CLK initialization cycles or more are re- 
asynchronous transfer or system reset 100us quired. 


after power on. Before an address can be set, 


Absolute Maximum Ratings 


Parameter Symbol Rating Unit 
Voltage on Any Pin Relative to Vsg VT -1.0 to +7.0 Vv 
Power Dissipation Pr 1.0 WwW 
Operating Temperature Topr 0 to +70 “C 
Storage Temperature Tstg —55 to +125 °C 
Storage Temperature (under bias) Tbias -10 to +85 °C 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 
































Parameter Symbol min typ max Unit 
Vcc 45 5.0 5.5 Vv 
Supply Voltage 
Vss 0 0 0 Vv 
Vv 2:1 ~ 6.5 V 
Input Voltage = z 
VIL -0.5"! _ 0.8 V 
Note) *1. -3.0V for pulse width S 10ns. 
DC and Operating Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vgg = OV) 
Parameter Symbol Test Conditions min typ max Unit 
‘ Min. cycle, 
Operating Power Supply Current Icc iout® ind. ~ 40 60 mA 
Vcc =55V 
Input Leakage Current Ip Vin = Vsg to Voc -10 — 10 BA 
OE = VIH - _ 
Output Leakage Current ILo Vout = Veg to Voc 10 10 BA 
Vv Ip, = 4.2 mA _ _ 0.4 Vv 
Output Voltage ee ins isda = 
VOH Ion = -2 mA, 2.4 —_ _ Vv 
Capacitance (Ta = 25°C, f = 1.0 MHz) 
Parameter Symbol Test Conditions min typ max Unit 
Input Capacitance Cin Vin=0V _ = 5 pF 
Output Capacitance Cout Vout =0V _ _ 7 pF 





Note) This parameter is sampled and not 100% tested. 
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AC Characteristics (Voc = 5 V + 10%, Ta= 0 to +70°C) 
AC Test Conditions 















































e@ Input and output timing reference levels: 1.5 V 
@ Input pulse levels: Vog to 3 V 
@ Input rise and fall times: 5 ns 
@ Output Load: 2 TTL +50 pF 
(Including scope and jig) 
HM53051-45 HM53051-60 
Parameter SVMnbol = Se ee Ut 
min max min max 
System Clock Cycle Time tcc 45 300 60 300 ns 
CLK Pulse Width CL = 2 - as 
‘CH 15 _ 15 = ns 
Access Time from CLK tac om 35 — 40 ns 
Output Hold Time tOH 5 — 8 _ ns 
Output Enable Access Time tOEA — 25 — 30 ns 
Output Enable to Output in Low Z tOLZ 5 — 5 — ns 
Output Disable to Output in High Z tOHZ 0 20 0 20 ns 
CGR Setup Time tGRS 15 ~~ 15 = ns 
CGR Hold Time {GRH 5 = 5 — ns 
CGW Setup Time ‘GWs 15 = 15 = ns 
CGW Hold Time tGWH 5 = 5 = ns 
Write Command Setup Time twcs 15 _ 15 — ns 
Write Command Hold Time tWCH 5 — 5 2 ns 
Data Input Setup Time tps 15 — 15 — ns 
Data Input Hold Time (DH 5 - 5 = ns 
SAS Cycle Time {SC 45 = 60 = ns 
SAS Pulse Width ne = = = = - 
Se a a aa ht 
Serial Address Setup Time (SAS 15 = 15 = ns 
Serial Address Hold Time 'SAH 5 = 5 = ns 
SAS Setup Time during Mode Programming (SSH 15 — 15 _ ns 
SAS Hold Time during Mode Programming (SHH 5 a 5 — ns 
TAS Setup Time {TS 15 — 15 — ns 
TAS Hold Time (TH 5 as 5 = ns 
SAS Setup Time during System Reset by SAS/TAS. tSSL 15 3 15 = ns 
SAS Hold Time during System Reset by SAS/TAS tSHL 5 = 5 = ns 
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Read/Write Cycle 


town 


“| WX nay | An OX | 
= Y\/ \/ \/ 


OK | _ XXXXXXXXXXXXNKKKKXKKXKXKKKK 


ton 


YI AXKXXKY 


YK ¥XXKKKXX 


AX K XA 


tcru 


\ a ee 


MT POCONO sD 





Notes) *1. Write Cycle starts when CGW is low and WE is low. Data are not written when WE is high. 
Time-compression mode is realized by controlling CGW. 
*2. Read cycle starts when CGR is low. Time-expansion mode is realized by controlling CGR. 








Read Cycle (OE control) 


CLK 
tors 


i Wk ETT 


toga 


XK mm 


Dout 


Notes) *1. tozz7z is defined by the time at which the output achieves the open circuit condition. 


*2. toLz and toyz are sampled and not 100% tested. 
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Mode Selection 


tcc 
ter 


= NIV yr 


tsas 


sao KKK KXXKMKK KKK 


tty tts 


™ Wik AZZ 


Note) SAS operates asynchronously with CLK. When TAS is low at the falling edge of the CLK, the address transfer cycle 
starts. SAS should be high during the address transfer cycle. 


tsas 


= 


SAS, TAS Reset Mode 





tssu 


CN 





Note) The mode which was selected by SAD before SAS and TAS reset, if SAS and TAS are reset, should be changed 
because SAD is newly taken into by SAS. The mode should be reselected by SAD after SAS and TAS reset. 
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HM53461 Series 


65,536-word x 4-bit Multiport CMOS Video RAM 


The HM53461 is a 262, 144-bit multiport memory equipped HM53461P Series 
with a 64k-word x 4-bit Dynamic RAM port and a 256-word x 4- 
bit Serial Access Memory (SAM) port. The SAM port is con- 
nected to an internal 1,024-bit data register through a 256-word x 
4-bit serial read or write access control. In the read transfer 
cycle, the memory cell data is transferred from a selected word 
line of the RAM port to the data register. The RAM port has a 
write mask capability in addition to the conventional operation 
mode. Write bit selection out of 4 data bit can be achieved. 

Utilizing the Hitachi 24m CMOS process, fast serial access 
operation and low power dissipation are realized. All inputs and 
outputs, including clocks, are TTL compatible. 


# FEATURES 
@ Multiport organization 
(RAM; 64k-word x 4-bit and SAM; 256 word x 4-bit) 
@ Double layer polysilicon/polyicide n-well CMOS process 
@ Single 5V (+10%) (ZP-24) 
@ Low power Active RAM; 380mW max. 
SAM; 220mW max. 
Standby 40mW max. 
@ Access Time RAM; 100ns/120ns/150ns 
SAM; 40ns/40ns/60ns 
@ Cycle Time Random read or write cycle time (RAM) 
190ns/220ns/260ns 
Serial read or write cycle time (SAM) 
40ns/40ns/60ns 
@ TTL compatible 
@ 256 refresh cycles..... 4ms 
® Refresh function RAS — only refresh 
CAS — before — RAS refresh 
Hidden refresh 
® Data transfer operation (RAM2@ SAM) 
@ Fast serial access operation asynchronized with RAM port 
except data transfer cycle 
@ Real time read transfer capability 
@ Write mask mode capability 





m ORDERING INFORMATION 


Access Time 





Package 











HMS53461P-10 
HM53461P-12 
HMS5 3461P-15 


HMS3461ZP-10 
HMS3461ZP-12 
HM53461ZP-15 


400 mil 24-pin 
Plastic DIP 





24-pin Plastic ZIP 
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——_— HM53461 Series 




















# PIN ARRANGEMENT =m PIN DESCRIPTION 
@ HM53461P Series @ HM534612ZP Series Pin Name ~ Function 
AO — A7 Address Inputs 
ie : 1/O1 — 1/04 RAM Port Data Input/Output 
Ves 6 SI/O1 — SI/O4 SAM Port Data Input/Output 
S1/01 8 RAS Row Address Strobe 
DT/OE 10 CAS Column Address Strobe 
1/02 12 ae ‘ 
RAS 14 SC Serial Clock 
A516 WE Write Enable 
— DT/OE Data Transfer/Output Enable 
Al 22 = SOE SAM Port Enable 
CAS 24 Voc Power Supply 
(Bottom View) Vss sroune 
(Top View) 
# BLOCK DIAGRAM 
IO: i 123 pe 


OE clock 
rator 


gene 


I O buffer I O buffer I O buffer 1 O buffer 


Write Mask 
control 
























Transfer 
contro} 


SOE clock SAE 
256 data 256 data 256 data 256 data 
register register register register i 


[__Pevneer J Meme nd Pe 
es | SIO: S102 $102 S10. 
a 


counter 


64K memory 
array 


64K memory 
array 


64K memory 
array 
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HM53461 Series 


@ ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vsg .............. -1V to +7V 
Power supply voltage relative to Vgg .......... -0.5V to +7V 
Operating temperature, Ta (Ambient).......... 0°C to +70°C 
Storage temperature ................... -55°C to +125°C 
Short circuit output current ...............2 00005 50mA 
Power dissipation ........... 0.0.0 0c eee eee eee eae 1W 


= RECOMMENDED DC OPERATING CONDITIONS (7,=0 to +70°C) 









Parameter 
Supply voltage 
Input High voltage 
Input Low voltage 












Notes: 1. All voltages referenced to Vgg. 
2. -3.0V for pulse width S 10ns. 


m DC ELECTRICAL CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V +10%, Vgs = OV) 


RAM PORT 


Operating current RAS, CAS cycling 


tro = min. 


Standby current RAS, CAS = Vzz7 


RAS only refresh current 


CAS = Vjzy, RAS cycling tac = min. 


Page mode current RAS = V7,, 
AS cycling tpc *™ min. 


CBR refresh current RAS cycling 
tro = min. 


Data transfer current 


RAS, CAS cycling tpc = min. 


Parameter 
Input leakage 
Output leakage 
Output high voltage /o,;=—-2mA 
Output low voltage 9, =4.2mA 


HMS5 3461 


Symbol ~15 


SAM PORT HMS53461 | HM53461 
-10 -12 
Icc1 
Ioc7 


Icc2 
Icocs 
Icc3 
Icc9 
Toca 
Tcc10 
Iccs 
Toc11 
Icc6 


x 70 
x 110 
x 7 
40 
x 
100 
x 50 
x 
100 
fe 


x 


m” 
g 
x< x x a. 
< 


a ee a oe 
| 110 | 100 
—— 

ae ee 
ee ee 
ae ee 
a a a ae 
ee aes ee ae 
Ca ee ae 


4 
6 
4 
5 


Q 
cS. 
< 
@ 


x fs fs 


7 
30 
0 
70 
35 
5 
0 
70 
5 
85 


= INPUT/OUTPUT CAPACITANCE 


Parameter 
Address 


Clocks 
I/O, SI/O 


414 





feorn | X | o | 118 | 10s fs 
| Symbol_| min. | max. | Unit 
| tor | -10 | 10 | wA 
=10 HA 
[Vow —-n24 | |v 

Vo. | - | 04 | V 

[| max. | 

E28 
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Unit 


mA 


mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 





HM53461 Series 


= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (7, =0 to +70°C, Vec=5V+10%, Vss=OV)!): 10), 11) 


HM5 3461-10 HM5 3461-12 | HMS53 
Parameter Symbol 


> 
N 
—_ 
it 
1) 


Unit | Note 





2 —_ | min. | max. | min. | max. | min. | max. 
Random Read or Write Cycle Time tre | 190 | - | 220 | - | 260 | - | 
Read-Modify-Write Cycle Time ‘trwc | 260 | - | 300 | - [355 | - | 
Page Mode Cycle Time tpc | 70 | - | 8s | - | 105 oe 
“Access Time from RAS trac_|_- | 100] - | 120] - | 150] ms [2,3 
Acces Time from CAS [tcac | - | 30, - | @o| - [75] ms [3,4 
Output Buffer Turn Off Delay referenced to CAS| torr: | 0 | 25] O | 30] 0 | 40 5 
Transition Time (Rise and Fall) 3 50 6 
RAS Precharge Time es 
RAS Pulse Width 100 | 10000 | 1 
CAS Pulse Width tcas 50 | 10000 10000 10000 
RAS to CAS Delay Time 25 5 7 
RAS Hold Time trsH 50 
CAS Hold Time - 150 
CAS to RAS Precharge Time 10 
Row Address Setup Time /tasR ASR | 0 | PO 
Row Address Hold Time 
Column Address Setup Time 0 ey 
Column Address Hold Time 25 
Write Command Setup Time ‘twos | 0 | 


Write Command Hold Time 
Write Command Pulse Width twp 
Write Command to RAS Lead Time - 
Write Command to CAS Lead Time — 
Data-in Setup Time -_ ‘tps | 0. 9 
Data-in Hold Time tory 8,9 
Read Command Setup Time tRcs | 0 | 
fo 


— 
ja) 
S 
jo) jo) 


— —_ 
~~ — —=1O Nu > Nw N — m1 bh ie) nN 
ey a oOl|1o wr (=) Olm ra) F,) o;o ov ) ro) 
fowand 
(an) 
(=) 
w (=) 
fo) 
—" 
S l 
S ~ 
oO GN 





a | & 
oo 


45 
eae oe 

_Read Comm Wg 

Read Command Hold Time (RCH zs 

Read Command Hold Time referenced to RAS | trrw 

Refresh Period fran} 10 =a 

RAS Pulse Width (Read-Modify-Write Cycle) 245 | 

CAS to WE Delay eggs asc ras 5 
CAS Setup time (CAS-before-RAS refresh) ‘tcsr | 10 | - | 

CAS Hold Time (CAS-before-RAS refresh) ‘tener | 20 | - | | 30 | 

RAS Precharge to CAS Hold Time trpc | 10 | - | es Lr | 

CAS Precharge Time top | 10 | - | | 20 | 

Access Time from | toAc ; | 5 | = | 

Output Buffer Turn-off Delay referenced to OE ose} =} | 0 | 

OE to Data-in Delay Time ‘topp | DD Lee ue | | = [| 40 | 

OE Hold Time referenced to WE tomy | 10 | - | | = | 20 | 

SS aaa OC ee LC 

Data-intoOE Delay Time ===» i tozo | 0 | - | oO | = | 

Serial Clock Cysie Time Ttsco | 40| =| #0 | =] 60 [=| as | 
“Ascass Time rom 80] tsca [= | | - | @ | - | 60 [ms [10 
nests Time from SOE ee 
SC Pulse Width ae ee On 

(to be continued) 
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HM53461 Series 





Parameter 


SC Precharge Width 

Serial Data-out Hold Time after SC High 

Serial Output Buffer Turn-off Delay from SOE 
Serial Data-in Setup Time 

Serial Data-in Hold Time 

DT to RAS Setup Time 

DTto RAS Hold Time(Read Transfer Cycle) 
DT to RAS Hold Time 

DT to CAS Hold Time 

Last SC to DT Delay Time 

First SC to DT Hold Time 

DT to RAS Delay Time 

WE to RAS Setup Time tws 
WE to RAS Hold Time 

1/0 to RAS Setup Time 

I/O to RAS Hold Time 

Serial Output Buffer Turn-off Delay from RAS 
‘SC to RAS Setup Time 

RAS to SC Delay Time 

Serial Data Input Delay Time from RAS 

Serial Data Input to DT Delay Time 

SOE to RAS Setup Time tes 
SOE to RAS Hold Time 

Serial Write Enable Setup Time 
Serial Write Enable Hold Time 
Serial Write Disable Setup Time 
Serial Write Disable Hold Time 
DT to Sout in Low-Z Delay Time 


MS 


(eH 


tsw 
'swIs 
'SWIH 


< 


S a 
N PS 


Notes) 
1. AC measurements assume t-7-=Sns. 


2.Assumes that trcpStpcop(max). If trcp is greater 
than the maximum recommended value shown in this 
table, trac exceeds the value shown. 

3.Measured with a load circuit equivalent to 2TTL loads 
and 1O0pF. 

4. Assumes that 'RCD2t Rcp(max). 


5.torr(max) defines the time at which the output 
achieves the open circuit condition and is not referenced 
to output voltage levels. 

6. Vyz,(min) and V;,,(max) are reference levels for measur- 
ing timing of input signals. Also, transition times are 
measured between V7;; and V7,. 

7.Operation with the tp cp(max) limit insures that trac 
(max) can be met, tpcp(max) is specified as a reference 
point only, if tren is greater than the specified tron 


4Uuvev 


(max) limit, then access time is controlled exclusively be 
'CAC. 


— trl} Ni w — —_ m= | ro to | — — 
pant 
(=) 





wer 
we 
> 
ON 
— 
' 
pot 
Gn 


Unit | Note 


— 
fs 
ae w 
[Fy ww ~“} Ww ite) Wire; Bib] = bt 
tr =) al a Oo Clolaloelo wn Oo 
~J ww 


8.twcos and tcwp are not restrictive operating parameters. 
They are included in the data sheet as electrical charac- 
teristics only: if twos2 tycg(min), the cycle is an early 
write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if town 


2towp(min), the cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeter- 
minate. —— 
9.These parameters are referenced to CAS leading edge in 

early write cycle and to WE leading edge in delayed 
write or read-modify-write cycles. 

10.Measured with a load circuit equivalent to 2TTL and 
SOpF. 

11.An initial pause of 100us is required after power-up. 
Then execute at least 8 initialization cycles. 
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HM53461 Series 


# WAVE FORMS 


> 

6) 
| 
a 


. 


== 


® READ CYCLE ee 
Lica | 
Lay 


ie a 
Address PX row BPX coum KOSI /, 


treo |_| 


A . 
ee | a a 


(Output) a ee 
hn 
Capi VL tL LLL, 2 Wy 
: a 
DoE A LL 


RC 


3) 


Do not care 


® 

m 

> 
Pp] 
rm 
< 
= 
= 
| 
mi 
© 
< 
OQ 
r 
mi 


si 
> 
NM 
| 


~ 
ie) 
wn 
=z 


{CAs 


tCAH 


LL © KRYLLLLLLLLLLL 


| twoH 
DH 


a a 
a 
ws 
rl 


=| 
CN = = > 
FA : 
= } | = 
a 


Address y/, 4 


al 
* 1] 


NI MW)z£a_EELL, 


t 


hr 


Cinput) LO KLLLLLLLLLLLL AL. 
VO High Z 
(Output) 


torn 


~~ 

~} 

y 
F 


es, WITT, 
Do not care 


Note) *1. When WE is “H” level, the all data on the I/O can be written into the cell. 
When WE is “‘L”’ level, the data on the I/O are not written except for when I/O is ‘high’ at the falling edge of RAS. 
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HM53461 Series 


® DELAYED WRITE CYCLE 


{RC 


RAS tRAS | 





me me naa 
wn Im YK = KT TTT 


na 
WE?) = =I 
NE | ee a 


ual z tRUL 


mre f i RLZLLLLLLLLLLLLLLL 








tne ZR RTT LL LLL / 


Do not care 
Note) *1. When WE is “‘H” level, all the data on I/O1-1/04 can be written into the memory cell. 
When WE is “L” level, the data on I/Os are not written exept for when I/O=“‘H” at the falling edge of RAS. 


® READ MODIFY WRITE CYCLE 


tRUC 


ww 
> 
N 





iRP 


alu 


Address TK iow 


; ne St Se Le 
“DMT | = 
te 


a 


noe) TDK ee “WITT 
oe niall Pie a 


(777 Do not care 
Note) *1. When WE is ‘‘H” level, all the data on I1/O1-1/04 can be written into the memory cell. 
When WE is “L” level, the data on I/Os are not written except for when I/O=“‘H” at the falling edge of RAS. 
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HM53461 Series 
@ PAGE MODE READ CYCLE 


a 
sia 


tCSH tPc tRSH 





tRCD ICAs 


os aia 
Adaress /) =o mee ID STLLLD s Sa reece 
ped) ar nel Lat 


e iear 3 the av 


1/O VALID —— ss 
(Output) 


(input ih 


rat la 
Co ae oe a 
owoe7Tt NA ATT. HTT TT TTT 











V7A Do not care 
® PAGE MODE WRITE CYCLE (Early Write) 
tRC 
RAS 
tRP 
tCsH tRSH 
CAS tCAS ICAS 


tasR 
ES tC AH 
ras ae aes Saeed 


aa a No 
siress won coun a: NTT IRS KELL 
PR os Sy at 


as] | E iWcH 
we?) ae 77777" AD MIE 
v0 Es ACI EMI DCE KL 


tDTS| | 
t 
(Output) jens 


DTA NIPLLLLLLLLLLLLLL LLL LLLLLLLLLLLLLLL LLL 
77] Do not care 


Note) *1. When WE is “‘H” level, all the data on I/O-I/O4 can be written into the memory cell. 
When WE is “‘L” level, the data on I/Os are not written except for when I/O="‘H” at the falling edge of RAS. 
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HM53461 Series 


@ PAGE MODE WRITE CYCLE (Delayed Write) 


—— ee 


RAS 


ee 


CAS 


tASR 


Address |X ROW f 
a 






tots t 


aay © KLILLLLLLLL 


Do not care 
Note) *1. When WE is “H” level, all the data on I/O-I/04 can be written into the memory cell. 
When WE is “L” level, the data on I/Os are not written except for when I/O=“‘H” at the falling edge of RAS. 


® RAS-ONLY REFRESH CYCLE 


as TTT TTT 
sai Io XT 


ew i) 


i TTT 
mol XT 


(774 Do not care 
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HM53461 Series 


@ CAS-BEFORE-RAS REFRESH 





same WL 
8 WLLL. 
Qa OL, i 


lO High-Z 
(Output 





hase 


MEYYMMMLMLMMUMLLILLLLLLLLL LL: 


V/A Do not care 





@ HIDDEN REFRESH CYCLE 


RAS 


- Tes 


ccs an Samat 
= oma 


tS janice: Ce 
om NO AT 
Gow ) — 
774 Do not care 
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HM53461 Series 
® READ TRANSFER CYCLE (1)°1-*2 


RAS 


CAS teas _ 
J —— 


naaress ZK RoW YK) om. Ga TO 


WE TAN =H 
‘- ewe ell 


[I ces | 
tw ZL 


Bally 
tpTs 


oon [ies —— RTT 


iscc ts DD 





bce, p— 
SC co 

tsOH 

SI/O Valid f Valid , Vaid \V/ 

(Ovtout) ZK San IXIA S38! XLDK Sst FRI Seut_) 
aires Previous New Row 

S/O High-Z Row ES 
Note (Input) 
*]) In the case that the previous data transfer cycle was read transfer. V7A Do not care 


*2) Assume that SOE is “‘L” level. 
*3) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 


® READ TRANSFER CYCLE (2)°1-"2 
IRE 
RAS tRAS 


CAS a 
tASR al 


sdtreos TX MR oo NLL CLMLLLLLT MMMM 


WE cha Nd WIM 





1/0 
(Output) 


(Input ar ame 
‘al = 7 er 


SC K RY 6! OY XX 04 ‘ scene 
Et (Es SH {SoH 
(Out "Oe LD 


(Output) 


sia] Po 77] Do not care 
Note) eee, a ceheemalll ssi] Inhibit rising transient 


+1) In the case that the previous data transfer cycle was write transfer or pseudo transfer, 
*2) Assume that SOE is “‘L”’ level, 
*3) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 
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DT/OE 


HM53461 Series 


@ PSEUDO TRANSFER CYCLE 
IRC 





RAS ae 
CAG : 

[tcp ySst*~‘“*‘—sSSCS*“‘CO™SC#C#d’ 
CAS eae! 


[ 


sires 7K 800} UIT 


me 7) STITT TEE 
moe TAC EW TTT TILT 

ROLLIE 
sc _ JT RRRKRKERKEREN 
ae 


a 
ae tstH 
a, ‘up 
(Input) ISRZ VILLLLLLLLL ae {lL 

= Do not care 
SI/O Fete ace 
Note) #1, (Output) M/// ~ MQ Inhibit rising transie nt 
CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 
@WRITE TRANSFER CYCLE 







tEH 







tRc 


RAS 





al 


CAS ook 
et ees i! 
Address “/) =, CG 
WE | = TTT TLL TTT 


DT/OE TTT 





{ 
SI/O fj Vahd 
(Input) Sin 


) 


LLL LLLLLLLL LLL! KLLX iene 
oor nT ree alee Se nO ee ee 8.8, | Inhibit rising transient 


Note) *1. 7 . 
CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start Address. 
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HM53461 Series 


@® SERIAL READ CYCLE 








ey KAN vt /X ve YK / 
i LLLLLLLLLL) es //) 


Do not care 
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HM53462 Series 


65,536-word x 4 bits Multiport CMOS Video RAM (with Logic operation mode) 


The HM53462 is a 262, 144 bit multiport memory equipped 
with a 64k-word x 4 bit Dynamic RAM port and a 256-word x 
4-bit Serial Access Memory (SAM) port. The SAM port is con- 
nected to an internal 1,024-bit data register through a 256-word 
x 4-bit serial read or write access control. In the read transfer 
cycle, the memory cell data is transferred from a selected word 
line of the RAM port to the data register. The RAM port has a 
write mask capability in addition to the conventional operation 
mode. Write bit selection out of 4 data bit can be achieved. 
RAM port has another new function, logic operation capability. 
By this function logic operation between memory data and input 
data can be done in one cycle. Utilizing the Hitachi 2um CMOS 
process, fast serial access operation and low power dissipation are 
realized. All inputs and outputs, including clocks, are TTL 
compatible. 


a FEATURES 
@ Multiport organization 
(RAM; 64k-word x 4 bit and SAM; 256-word x 4 bit) 
@ Double layer polysilicon/polyicide n-well CMOS process 
Single 5V (410%) 
@® Lowpowr Active RAM; 380 mW max. 
SAM; 220 mW max. 
Standby 40 mW max. 
@ Access Time RAM; 100ns/120ns/150ns 
SAM: 40ns/40ns/60ns 
® Cycle Time Random read or write cycle time (RAM) 
190ns/220ns/260ns 
Serial read or write cycle time (SAM) 
40ns/40ns/60ns 


® TTL compatible 

256 refresh cycles .. 4ms 

®@ Refresh function RAS — only refresh 
CAS — before — RAS refresh 
Hidden refresh 


® Bidirectional data transfer operation (RAM 2 SAM) 

@ Fast serial access operation asynchronized with RAM port ex- 
cept data transfer cycle 

@ Real time read transfer capability 

@ Write mask mode capability 

@ Logic operation capability between Din and Dout 

® SAM organization can be changed to 1024 x 1 

@ ORDERING INFORMATION 





Access Time 








Package 





HM53462P-10 
HM53462P-12 
HM53462P-15 


HMS5 3462ZP-10 
HM53462ZP-12 
HM53462ZP-15 


400 mil 24 pin Plastic 
DIP 












24 pin Plastic ZIP 
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HMS 3462P Series 


(ZP-24) 
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HM 53462 Series 


» PINARRANGEMENT 


= PIN DESCRIPTION 


@ HM53462P Series @ HM53462ZP Series Pin Name Function 
‘Mie 1 1/03 AO — A7 Address Inputs 
sr, 03 4 3 SOE 1/O1 — 1/04 RAM Port Data Input/Output 
Ves 6 5 SI/04 SI/O1 — S1/04 SAM Port Data Input/Output 
S| 01 8 7 SC RAS Row Address Strobe 
DT/OF 10 9 SI/02 CAS Column Address Strobe 
DT/OE 111/01 
ae SC Serial Clock 
1/02 12 13 WE sai 
RAS 14 WE Write Enable 
15 A6 we 
A5 16 17 Ad DT/OE Data Transfer/Output Enable 
Vcc 18 19 A7 SOE SAM Port Enable 
A3 20 21 A2 Voc Power Supply 
Al 22 
eas V Ground 
CAS 24 23 AO SS 


(Bottom View) 





(Top View) 


» BLOCK DIAGRAM 









Memory Array 
(256 x 256) 









256bit Data Register 
1 of 256 Selector 





BY 1 Mode 


wy va) (10241) 

ye Other SI/O (2-4) 

f 4 Are in High-Z State. 
a 

rat 

43] 


: 
SI/0O1 i 
BY 4 Mode 256 4 
(Normal Mode) 
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HM 53462 Series 


# ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vgg............ -1V to +7V 
Power supply voltage relative to Vsg_ .......... -0.5V to +7V 
Operating temperature, 7a (Ambient)......... 0°C to +70°C 
Storage temperature ...............0.. -55°C to +125°C 
Short circuit output current .............0 00000 50mA 
Power dissipation .. 0... 0.0.0.0. cc eee eee ee ee eae 1W 


s INPUT/OUTPUT CAPACITANCE 










Supply voltage 
Input High voltage 
Input Low voltage 


Notes) 1. All voltages referenced to Vgg. 
2. -3.0V for pulse width S 10ns. 





=» DC ELECTRICAL CHARACTERISTICS (7a = 0 to +70°C, Voc = 5V + 10%, Vss = OV) 





HMS53462 | HM53462 | HM53462 | 
aati omit lace aee | mao | METS | ESS | 
Operating current RAS, CAS cycling ae ae ee ee ae mA 
Silents. ee 
fecs_ [Xf 650 
CAS * Vin RAS eying tec mine [Tec | x fo | 100 [90 | 70 [ma 
CAS ig fpc= mi Tecie [x [0 [9080s ma 
CBR refresh current RAS cycling | /ccs | 9 | X | 60 | 50 | 40 | ma 
iRo™ min Meer [ x [0 | 10050] 70 [ma 
Data transfer current O mA 
Parameter | Symbol | min, | max. | Unit 
Input leakage Tyr | -10 | 10 | HA 
Ouiput leakage 7 Ce 
Output high voltage Jo;;= —2 mA | Von | 24 | - | Vv 
Output low voltage Jo, = 4.2 mA VOL | - | 04 | Vv 
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HM 53462 Series 


» ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (Ta = 0 to +70°C, Voc = 5V + 10%, Vsg = OV)1).10), 11) 


























CAS Precharge Time 
Access Time from OE 


~ 


S 
~ 
fe 


w 
f=) 


CP 


Ww 

17) 
— 
So 


Parameter —10 712 Note 
Random Read or Write Cycle Time tRC /i90 | — | 220 | - | 260 | - | ns | 
Read-Modify-Write Cycle Time tRWC | 260 | — | 300 | — | 355 {| - [| ns | 
Output Butter Turn Off Delay referenced patie tra er ae 5 
Transition Time (Rise and Fall) | tp | 3 | sol 3 [ sol 3 | so] ns | 6 
RAS Pulse Width / tras | 100 |10000 | 120 |10000{ 150 |10000[ ns | 
CAS Pulse With Trcas_| #0 [10000 | 60 [10000[ 7s [10000[ ns | 
Row Address Setup Time [tase | o | - | o | - | o | - | os | 
‘Waite Command Setup Time Twes | o | - |e] - |] o|- |= | 8 
“Write Command Hold Time twCH | 25 | — | 2 | - | 30 | - | ns | a 
“Write Command Pulse Width twp [| is | -— | 20 | - | 25 | - | ons | 
“Write Command to RAS Lead Time tRWL | 3s | - [| 40 | - | 45 = a 
Write Command to CAS Lead Time | tow, | 35 | - | 40 _ | 4s | — | ons 
Data-in Setup Time tps 0 _ 0 a 0 = ns | 9 
Data-in Hold Time | toy | 25 | — [ 25 [| - | 30 | - | ns | 89 
“Read Command Setup Time Br ee 
Read Command Hold Time tRCH See 
Read Command Hold Time referenced ; | 10 ao | - | on 
to RAS RRH 
tice > | [| 
CAS to WE Delay town | 85 | - | 100 | - [| 125 | - | ms | 8 
CAS Setup Time ; 
CAS Hold Time 
RAS Precharge to CAS Hold Time | trec | 10 | - | 10 | en ee 
a 


Output Buffer Turn-off Deiay referenced 
to OE 


OE to Data-in Delay Time 

OE Hold Time referenced to WE 
Data-in to CAS Delay Time 
Data-in to OE Delay Time 

OE to RAS Delay Time 


428 


N 
174) 


25 


EES) 

i 
w 
© 


S 
° 


'OEH 


> 
Lo) 


vs) 
Wn 


Cas! 
N |N 
3 9 


ns 


(to be continued) 
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SOE to RAS Setup Time tES 
SOE to RAS Hold Time tEH 
Serial Write Enable Setup Time tsws 


DT to Sout in Low-Z Delay Time 


Parameter Symbol 


Serial Clock Cycle Time 
Access Time from SC 
Access Time from SOE 
SC Pulse Width 

SC Precharge Width 
Serial Data-out Hold Time after SC High 


Serial Output Buffer Turn-off Delay 
from 


‘SCA 
(SEA 


sce | 40 | - | 0 | 


HM 53462 Series 


—10 —12 =15 Unit Note 
| 40 | - | 4 | - | 60 | os [| 10 
fe Ol) Se eo hee 
po ST 


tSIS 
(‘SIH 


Serial Data-in Setup Time 
Serial Data-in Hold Time 


tSC 
'SCP 


Nn 
Nn 


=] 
77) 


5 
25 


(~) 
o;o 
| 
wv 
malo 
| | 








DT to RAS Setup Time tDTS 1) P= | 
DT to RAS Hold Time 

(Read Transfer Cycle) 'RDH 80 — ns 
DT to RAS Hold Time tDTH 15 a ns 
DT to CAS Hold Time toe tcon | 20 | - | ns 
Last SCto DT Delay Time __ tSDD 


First SC to DT Hold Time 
DT to RAS Delay Time 
WE to RAS Setup Time 


'SDH 
tDTR 


el 
in 











WE to RAS Hold Time 
1/O to RAS Setup Time 
1/O to RAS Hold Time 


Serial Output Buffer Turn off Delay 
from RAS 


SC to RAS Setup Time 
RAS to SC Delay Time 
Serial Data Input Delay Time from RAS | 
Serial Data Input to DT Delay Time 








Serial Write Enable Hold Time 
Serial Write Disable Setup Time 
Serial Write Disable Hold Time 





Notes) 


1. AC measurements assume t7 = Sns. 

2. Assumes that tpcp S trcp (max). If trop is greater 
than the maximum recommended value shown in this 
table, tp 4c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

4. Assumes that trcp 2 trcp (max). 

5. torr (max) defines the time at which the output 
achieves the open circuit condition and 1s not refer- 
enced to output voltage levels. 

6. Viz (min) and Vz; (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V7;, and V7,;. 

7. Operation with the tecp (max) limit insures that 
tr Ac (max) can be met, trcp (max) is specified as a 
reference point only, if trop is greater than the speci- 
fied trcp (max) limit, then access time is controlled 
exclusively be tc,4c. 

8. twos and tcwp are not restrictive operating para- 


@H 


Hitachi America, Ltd © Hitachi Plaza e 2000 Sierra 





7 a ee 


: | 
~) N 
—] —) 


~] 
4] 


Ge 
7) 


Wn oi) N ~ 
F) 4) o!1o 1}Otwn 


n 


meters. They are included in the data sheet as electri- 
cal characteristics only: if twos 2 twcs (min), the 
cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwp 2 tcwp (min), the cycle is a 
read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. ns 

9. These parameters are referenced to CAS leading edge 
in early write cycle and to WE leading edge in delayed 
write or read-modify-write cycles. 


10. Measured with a load circuit equivalent to 2TTL and 
50 pF. 
11. After power-up, pause for more than 100us and 


execute at least 8 initialization cycles. Then execute 
at least one logic reset cycle including write mask 
reset (on the falling edge of RAS, WE = “Low” and 
1/O1 — I/O = “‘High’’), and execute one or more trans- 
port cycle for initiation of SAM port. 
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HM 53462 Series 


~ 
= 
a 


es WAVE FORMS 
© READ CYCLE RAS 


4 


| 
" LLL" | 4 | LIZ: 


za 
co) 
= 
7 


Q 
> 
2) 
| 
! i 


Address //) 4 COLUMN 


Gy, 


- 
“aN 
\ 
N 


Nga 


VALID 
Dout > 


1/0 
(Output) 


aaa o> YA, 
VLLLLL LL LL 


tpis 


pron Z| LLL Ds 


at 


@e EARLY WRITE CYCLE ZZ Do not care 
aS — pe pe 
Po a Sime 
CAS =e 
fa ae | 


tMcH 


U0 


La VILLLLLLLLL 2 
COXA KYILMLLL LALA A LL 


High Z 


. 

cs ~ 

Li: 
aes 
s 
Bie 
c 
fee 


\L/) 


> 
ae) 
& 

- 


—~ pet 
on™ — 
Lie 
* 
zi 
Y, 
~~ 
S 
= 


i/ RMMLLLLLLLLLLLLLL LL, 


Do not care 


Note) *1. When WE is “H” level, the all data on the I/O can be written into the cell. When WE 
is ‘‘L” level, the data on the I/O are not written except for when I/O is “‘H”’ level at 
the falling edge of RAS. 
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HM 53462 Series 
® DELAYED WRITE CYCLE 


tRC 


_———— a 
CAS a jd 

nil (TTT 
oy, =i Sin TTT 


- Ale = — TTT 


ny, Ym? ITLL LLL LLL LL 


1/0 High-Z 
(Output) 








Do not care 
Note) *1. When WE is ‘‘H” level, all the data on I/01-1/04 can be written into the memory cell. 


When WE is ‘“‘L”’ level, the data on I/Os are not written except for when I/O ® “H” at the falling edge of 
RAS. 


@ READ MODIFY WRITE CYCLE 


——- 


wn 
> 
= 
= 
Lf 


i w= KCTIIIEILLITTITL 
WE OK: Na Ae atom 


he 
tbs 


uma” / L) a aa na 


1/0 VALID 
(Output) 


ii ae ae COMMUN 


Do not care 
Note) *1. When WE is **H”’ level, all the data on 1/O01-I/04 can be written into the memory cell. ZZ 


When WE is ‘“‘L” level, the data on I/Os are not written except for when I/O * “‘H” at the falling edge of 
RAS 
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HM 53462 Series 


@® PAGE MODE READ CYCLE 





tCSH tPCc tRSH i | 
tRCD iCAs 
tCAs 
= i aa ed 
tcP B 
tAsR 
pa us | 
’ 


LE 
foun 1/1 / coon 111 LL a CHILLILLLL LL 
pe at me (a 


Ta sl es | 
mS Ie La 
2 Ae} Ae 


VALID X 
Dout 


=i 
oe NN ATTN TTD LTT 


V7A Do not care 
@ PAGE MODE WRITE CYCLE (Early Write) 


AS 








tke 


SI enema & | tkSH 


f 


Adress ae Tale se =X T7177) a CTT 
ve = Ma 2 ae __ VI 


tk 
= trop 
C 


> 


PRET NLLLTLLLLLLLLLLLL LLL LLL LLL LLL LL LLL L 


77] Do not care 
Note) *1. When WE is “‘H” level, all the data on 1/O01-I/04 can be written into the memory cell 


ween WE is ‘‘L” level, the data on I/Os are not written except for when I/O = “H” at the falling edge of 
AS. 
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HM 53462 Series 


@ PAGE MODE WRITE CYCLE (Delayed Write) 


RAS 


Seer 


_ ; 
| et sho 
Address no Rconemsy JTL Peon Lp a CHILLI LLL 


me OX MUTT MOTT, SOTTO VOTTOTTLTE 
iD C= HOKE XTTIDIENTIZN CM 








tor 


///\ Do not care 


n WE is ‘‘H” level, all the data on I/O1-I/04 can be written into the memory cell. 
WE is ‘‘L” level, the data on I/Os are not written except for when I/O = ‘“‘H” at the falling edge of 


@ RAS-ONLY REFRESH CYCLE 


ERC 
c , 


aS IK MTT 
saves TI-m XL 


rl 


yt 


I/O 
(Input) 


CTT TTL TTLLLLLLLLLLLLLLLLLL 


s tl 


pve TE NTT T TTT TTT LLLLLLLLLLLLLL 
[77] Do not care 


HITACHI 


Hitachi America, Ltd ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 433 


HM 53462 Series 


e CAS-BEFORE-RAS REFRESH CYCLE 


re 
. a3 
Adres LLLLL LL LLLLLLLLLLLLLLLLLL LLL 


wt EEE, LLLLLLLLLL LLL L LLL LLL 
8 LLL LL LL LLLLLLLLLLLL LLL LLL LLLLL 


1/0 HIGH-Z 
(OUTPUT) 





PALL LLLLLLLLLLL LL LLL LL LLL LLL LL LL. 


Do not care 





@ HIDDEN REFRESH CYCLE 


nairess” / os ‘ ILLIA 
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HM 53462 Series 


@ READ TRANSFER CYCLE (1)"?-*2 
RAS 


ey 
satvess TE OS III 


we '// Pe “eee 





n  stsege eee 
n  stsege eee 


(Output) 


aan 
4°... TNL 


ay 
this 


mar 7A “ = ZZ 








tse tspp 
tsa ——- 
SC tse 
SI/0O alt Va ald Va at 
(Output) DEY DR Si! XLDR 8 SLI Si XK 
ene ‘i R 
SI/O High 7 Row iIN@W Ow 
(Input) 
NOTE *1) In the case that the previous data transfer cycle was read transfer. V7A Do not care 
*2) Assume that SOE is ‘“‘Low’’. 
*3) CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM 
start Address. 
* 2 
® READ TRANSFER CYCLE (2)"1-"2 
CK 
RAS } 








— 
=z 


ee eee) 
asters DAC ORLA LLL LLL LLL 


ve Te =H s/h 
Tae peed 


CAS Fk 


tise 


1/0 
(Output) 


je | 
ZL 


tory 


moe "\ — ~ 


1/0 
(Inp 


= 





SC | 
ft i 
Coutts mma VTTLLD co Nh, V7] Do not care 
ae ot) MHL ss Inhibit rising transient 


NOTE *1) In the case that re previous data transfer cycle was read transfer. 
*2) Assume that SOE is “‘Low” 
*3) CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM 
start Address. 
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HM 53462 Series 
@e PSEUDO TRANSFER CYCLE 


{Rc 


a ! —_ 
se 
sre NCE” UIT TITIITIL 
w= TE TTT TTT 
or oe INE EW TTTTTTITITTTLITLTLI 
ox TIRE 

so _ TE RRRRKXLE 
eee 11/1/11), OB 1 


















YY 









Se 
raven DK EE™ KITT TL TTT 
we Ne = TTT TTT 
DT/OE | = TTT TTT 
SOE ne TTT TLE 
sole NRK YRXRKK RRR 


thy 88 MOTT TTT TTT TTT = XD 79 no car 







SI/O High-Z acre ee , 
(Output) as, Inhibit rising transient 
*1) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM 
Start address. 
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HM 53462 Series 


@ SERIAL READ CYCLE 


A 


KN 


DT/OE 


N 
rr 


SC 


SIO 
(Output) 





@ SERIAL WRITE CYCLE 


—_—_—- 


AS 


ee) 


DT/OE 





tSwi 


I 
eo) 
ao 
5 


tscc 


SC tsc oy pee tsc = tsc 


ae {we )/ { ve / 
el LLLLLLLLLL) = [/) 


V7J Do not care 
m ELECTRICAL AC CHARACTERISTICS (Logic operation mode) 


pci HM53462-10 HM53462-12 HM5 3462-15 its 
RAS pulse width in write cycle 10000 10000 10000 ns 
CAS pulse width in write cycle | ters | 80 | 10000 10000 10000 | ns 
CAS hold time in write cycle i440 [| - | 165 | - | 200 | - | as 
RAS hold time in write cycle | trrsw | 80 | - | 95 | - | 10s | - | ms 
Page mode cycle time (Write cycle) 100 aw 120 | = 135 | ns 
CAS hold time 
CAS hold time from RAS precharge 
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HM 53462 Series 





m LOGIC CODE (FCO — 3 are AX0— AX3 in Logic Operation Set Cycle) 


LOGIC 
ie Write Data 
ol) 6 0. od 0 Zero 
o |.o | 0 | 1 | NDI Di: Mi 
0 |.0 | 1 |.0 | AND? Di Mi 
0 [0 |1 |.1 | x4>x1_ z 
0 {1 |.0 | 0 | AND3_ Di: Mi 
0 |.1 |..0 | 1 [THROUGH Di 
0 |.1 |.1 | 0 |  EOR| DeMi+ DM 
0 1.1 [1 }1 ori Di+ Mi 
1 |.0 | 0 | 0 | NOR | Di Mi 
1 |.0 |1|0 | Nvi Di 
1 [0 | 1 |_1 | or2_ Dit Mi 
1 |.1 |.0 | 0 | Nv2| Mi 
1 [1/1 | 0 | NAND Dit Mi 
a (aa ek es a ee ee ONE 


— SAM organization changes to 1024 x 1 


— Logic operation mode reset 


Di: External Data-in 
Mi_: The data of the memory cell 


@ LOGIC OPERATION SET/RESET CYCLE (With CAS before RAS refresh) 


tRC 





a) ae = MT 
ve 77D. | VETTEL 
tou 27D PSST 


1/0 
(Output) 


HIGH- Z 


PE TTT T LLL LLL LLL LLL LL LLL LL LLL. 


*1) Logic code A0-A3 (A4-A7: don’t care) 
*2) Write mask data 
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HM 53462 Series 
» LOGIC OPERATION MODE 


@ EARLY WRITE CYCLE Lb RC 
tRES 
ht ee 
TSS 
are 
a Be ens 
LASK i iC AH 
eae jou ial 


a a: Oy: 


tDH 


Giagia 
8 
ae 


tinow) ZX i DR RQOULLLLLLLLLLLL LLL: 
loweae - i 


ane 
BVO RLLLLLLLLLLLILLLILL LL 


Note) *1. When WE is ‘high’, the all data on the I/O can be written into the cell. TTTTA Do not care 
When WE is ‘low’, the data on the I/O are not written except for when I/O is ‘high’ 
at the falling edge of RAS. 


@® DELAYED WRITE CYCLE th RC 
peas RFS 
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tASR 
aaa aac 
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moe RTT 
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VO HIGH: Z 
(Output) 
NOTE 1) When WE is ‘‘H” level, all the data on I/01-4 can be written into the memory cell. ZETA 12 08t care 
When WE is “‘L’”’ level, the data on I/Os are not written except for when I/O = “H” at the falling edge of RAS. 
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@ PAGE MODE WRITE CYCLE (Delayed Write) 


tt RO 
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RAS - - 
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ae Kom ae OTT 
WE KN GGT 


10, CRS TKS TTT 


IO 
(Output) 





tMrs tokH 
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Note) *1. When WE i is ‘high’, the all data on the I/O can be written into the cell. VZ2 Do not care 
When WE is ‘low’, the data on the I/O are not written except for when I/O is ‘high’ 
at the falling edge of RAS. 

@ PAGE MODE WRITE CYCLE (Early Write) 
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we ay Or is (ZITA. el [wm 
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i HIGH-Z 


1/0 
(Output) prs i 


DIVOE y LEP EEEEEL ILLES LELLLLLLL 





" When WE is ‘low’ , the data on the I/O are not written except for when I/O is ‘high’ 
at the falling edge of RAS. 
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» DESCRIPTION 


1. LOGIC OPERATION MODE 

HM53462 has an internal logic operation unit 

which makes a process of graphics simple. The logic 
is determined in “Logic operation set/reset cycle”’, 
and the operation is executed in every write cycle 
succeeding to the logic operation set/reset cycle. In 
this mode the internal read-modify-write operation 
is executed and the cell data is converted into the 
new data given by the logic operation between Din 
and the old cell data. 


2. LOGIC OPERATION SET/RESET CYCLE 

A logic operation set/reset cycle is performed by 
bringing CAS and WE low when RAS falls (Fig. 1). 
The logic code and the bits to be masked are dater- 
mined respectively by Ax0-3 state and 1/01-4 state 
at the falling edge of RAS. Furthermore, in this 
cycle CAS — before — RAS refresh operation is ex- 
ecuted, too. In the case of executing the conven- 
tional CAS — before — RAS refresh operation, WE 
must be high when RAS falls. 





2.1. Logic code 


The logic code is shown in Table 1. When power 


RAS 
CAS o 
Addres FC0-FC3 ; 
WE a 


Mask Reg 2 


= 
oS 
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is turned on, at least one logic reset cycle including 
write mask reset is required to initialize logic code. 
If the logic code is (Ax3, Ax2, Ax1, Ax0) = (0, 0, 1, 
1), the SAM organization is changed converter (Fig. 
2). In the case that the SAM organization is 
changed to 1,024 x 1, one data transfer cycle is 
needed to initialie the SAM selector. 

Once the SAM organization is changed to 1024 x 1, 
this code is maintained unless power is turned off. 


2.2. Write mask 

HM53462 has two kinds of mask registers (register 
1, 2). The register 1 is set by bringing WE low at 
the falling edge of RAS during the write cycle, and 
the mask data is available only in this cycle. The 
register 2 is set by level of I/O in the logic operation 
set/reset cycle, and the mask data is available until 
the next logic operation set/reset cycle. If the re- 
gister 1 is set during the current logic operation 
mode, the mask data of the register | is preferred 
(that of the register 2 is ignored) and the logic be- 
comes “THROUGH” only in this cycle (Fig. 3). 


WELLL MLLLLLLLLLLLLLLLL LL&L 


V / /\ Do not care 


Fig. 1 LOGIC OPERATION SET/RESET CYCLE 
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Table 1. 


FC3 


ae ee ee  OLOlO!lOl;oOlo;o!so 


LOGIC CODE (FCO — FC3 are AX0 — AX3 in Logic Operation Set 
LOGIC 
FC2 FC1 FCO Wie Din 
a ae ae ee ee Zero 
po | oOo ft | ANDI Di Mi 
po | a | oO | AND? | Di: Mi 
po fo | a x4 x1 | - 
och en). Oe 0 --|. SANDS: Di: Mi 
Lk HROU SH Di 
a | _EOR | Di-Mi+ Di: Mi 
Eoead ee ne Di + Mi 
8} 9 NO Di: Mi 
| 0 | 1 | ENOR| Di-Mi+ Di- Mi 
po | a | o | mv Di 
__INV2 Mi 
ee a ee ee a Di+ Mi 
| a | 1 | 0 | NAND | Di+ Mi 
ese |e ee ee ONE 


Fig. 2 THE SHIFT WAY OF SAM DATA 





SAM Data Register 


. 
. 


es 
— 


1) By 4 mode (SAM organization: 256 x 4) 


442 


SI 03 


t5cc 


a 
a. 


rf 


~— SAM organization changes to 1024 x 1 


— Logic operation mode reset 


Di : External Data-in 
Mi_: The data of the memory cell 


Serial 1/O 


SI/Ol 


S1/02 


SI/03 


S104 


CE EES CALA, Le, 


c 


a 
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2) By 1 mode (SAM organization: 1024 x 1) 


'sc¢ 











SC 

SI/O1 

SI/02 al 
SI/03 = 
S1/O4 ee 





Fig. 3 EXAMPLE OF LOGIC OPERATION MODE 





fe re Fe eS 
‘a see pheovaeg, uae deme i 
1/01 any 
OG cers eee — 
1/03 ——— Masked “0” Write Masked Masked 
/04 wae 
ee ee ee 
eee el 
7a eee TaROUGH | ANDI a0 
Mask reg.2 1s set Mask reg.l i 
g-1 is set, 
I 02,3 .Masked and valid only in 
Assume that the this cycle 
logic 1s set to I O1.4:M asked 
“ANDI”. as 
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HM538122 SerieS — rretiminary 


131072-Word x 8-Bit Multiport CMOS Video RAM 


The HM538122 is a 1-Mbit multiport video RAM equipped with a Pin Arrangement 
128-kword x 8-bit dynamic RAM and a 256-word x 8-bit SAM (serial 
access memory). 

Its RAM and SAM operate independently and asynchronously. It 
can transfer data between RAM and SAM and has a write mask 
function. 

It also provides logic operation mode io simplify its operation. In 
this mode, logic operation between memory data and input data can 
be executed by using internal logic-arithmetic unit. 


Features 
¢ Multiport organization 
Asynchronous and simultaneous operation of RAM and SAM 
capability 
RAM: 128-kword x 8-bit and SAM: 256-word x 8-bit 
¢ Accesstime RAM: 100 ns/120 ns/150 ns max 
SAM: 30 ns/ 40 ns/ 50 ns max 
¢ Cycle time RAM: 190 ns/220 ns/260 ns min 
SAM: 30 ns/ 40 ns/ 60 ns min 
¢ Low power 
Active RAM: 385 mW max 
SAM: 275 mW max 
Standby 40 mW max 
¢ High-speed page mode capability 
¢ Logic operation mode capability 
¢ 2types of mask write mode capability 
* Bidirectional datatransfer cycle between RAM and SAM capability 


(Top View) 





- Real time read transfer capability Pin Description 
¢ 3 variations of refresh (8 ms/512 cycles) Pin Name Function 
RAS-only refresh A0-A8 Address inputs 
CAS-before-RAS refresh l/O-I/O7 RAM port data inputs/ 
Hidden refresh outputs 
¢ TTL compatible S1/O0- SAM port data inputs/ 
S1/O7 outputs 
RA Row adress strobe 
Ordering Information CAS Column address strobe 
___ Type No. Access Time Package __WE Write enable 
HM538122JP-10 100 ns 400-mil DT/OE _ Data transfer/Output 
HM538122JP-12 120 ns 40-pin enable 
HMS538122JP-15 150 ns Plastic SOJ (CP-40D) SC Serial clock 
SE SAM port enable 
Vcc Power supply 
Vss Ground 
NC No connection 


This document contains information on anew product. Specifications and information 
contained herein are subject to change without notice. 
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Block Diagram 


Pointer! 


O 
72) 


i 
® 
+ 
“ 
bo 
wo 
ag 
ss] 
~ 
© 
Q 


From 
Column Address 
(SAM Start Address) 


Shift Register 


WE 





Pin Function 

RAS (input pin): RAS is a basic RAM signal. It is _ falling edge of RAS. The input level of those signals 
active in low level and standby in high level. Row determine the operation cycle of the HM538122. 
address and signals as shown in table 1 are input atthe 


Table 1. Operation Cycles of the HM538122 
Input Level at the Falling Edge of RAS 





GAS DT/OE WE SE Operation Cycle 
H H H x RAM read/write 
H H L x Mask write 
H L H x Read transfer 
H L L H Pseudo transfer 
H L L L Write transfer 
L x H x CBR refresh 
L x L x Logic operation set/reset 


Note: x; Don’t care. 


CAS (input pin): Column address is put into chip at the WE (input pin): WE pin has two functions at the falling 
falling edge of CAS. CAS controls outputimpedanceof | edge of RAS and after. When WE is low at the falling 
VO in RAM. edge of RAS, the HM538122 turns to mask write mode. 

According to the I/O level at the time, write on each I/O 
AO-A8 (input pins): Row address is determined by can be masked. (WE level at the falling edge of RAS is 
A0-A8 levelat the falling edgeofRAS.Columnaddress _—_ don’t care in read cycle.) When WE is high at the falling 
is determined by AQ—A7 level at the falling edge of edge of RAS, a normal write cycle is executed. After 
CAS. In transfer cycles, row address isthe addresson __ that, WE switches read/write cycles as in a standard 
the word line which transfers data with SAM data DRAM. In a transfer cycle, the direction of transfer is 
register, and column address is the SAM start address determined by WE level at the falling edge of RAS. 
after transfer. 
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When WE is low, data is transferred from SAM to RAM 
(data is written into RAM), and when WE is high, data 
is transferred from RAM to SAM (data is read from 
RAM). 


/O0-1/O7 (input/output pins): I/O pins function as 
mask data at the falling edge of RAS (in mask write 
mode). Data is written only on high I/O pins. Data on 
low I/O pins are masked and internal data are retained. 
After that, they function as input/output pins as those 
of a standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data 
transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When DT is low at the 
falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM 
and SAM operate independently. 


SC (input pin): SC is abasic SAM clock. In aserial read 
cycle, data is output from an SI/O pin synchronously 
with the rising edge of SC. In a serial write cycle, data 
on an SI/O pin at the rising edge of SC is put into the 
SAM data register. 


SE (input pin): SE pin activates SAM. When SE is high, 
SI/O is in the high impedance state in serial read cycle 
and data on SI/O is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 
serial write because internal pointer is incremented at 
the rising edge of SC. 


$S1/00-SI/07 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by 
the previous transfer cycle. When it was a read transfer 
cycle, SI/O outputs data. When it was. a pseudo 
transfer cycle or write transfer cycle, SI/O inputs data. 


Operation of HM538122 
Operation of RAM Port 


RAM Read Cycle 
(DT/OE high, CAS high, at the falling edge of RAS) 


Row address is entered at the RAS falling edge and 
column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/ 
OE is low while CAS is low, the selected address data 
is output through I/O pin. At the falling edge of RAS, 
DT/OE and CAS become high to distinguish RAM read 
cycle from transfer cycle and CBR refresh cycle. 


Address access time (taa) and RAS to column address 
delay time (traD) specifications are added to enable 
high-speed page mode. 


RAM Write Cycle 

(Early Write, Delayed Write, Read-Modify-Write) 

(DT/OE high, CAS high at the falling edge of RAS) 

* Normal Mode Write Cycle (WE high at the falling 
edge of RAS) 


When CAS and WE are set low after RAS is set low, 
a write cycle is executed and I/O data is written at the 
selected addresses. When all 8 I/Os are written, WE 
should be high at the falling edge of RAS to distinguish 
normal mode from mask write mode. 





If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes high 
impedance. Data is entered at the CAS falling edge. 


lf WE is set low after the CAS falling edge, this cycle 
becomes a delayed write cycle. Data is input at the WE 
falling edge. I/O does not become high impedance in 
this cycle, so data should be entered with OE high. 


lf WE is set low after tewp (min) and tawo (min) after 
the CAS falling edge, this cycle becomes a read-modify- 
write cycle and enables write after read to execute in the 
same address cycle. In this cycle also, to avoid I/O 
contention, data should be input after reading data and 
setting OE high. 


* Mask Write Mode (WE low atthe falling edge of RAS) 


If WE is set low at the falling edge of RAS, the cycle 
becomes a mask write mode cycle which writes only to 
selected I/O. Whether or not an I/O is written depends on 
I/O level (mask data) at the falling edge of RAS. Thenthe 
data is written in high I/O pins and masked in low ones 
and internal data is preserved. This mask datais effective 
during the RAS cycle. So, in high-speed page mode 
cycle, the mask data is preserved during the page 
access, 


High-Speed Page Mode Cycle 
(DT/OE high, CAS high at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data 
of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the random 
read/write cycle and is higher than the standard page 
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mode cycle by 70-80%. This product is based on static 
column mode, therefore address access time (taa), 
RAS to column address delay time (trav), and access 
time from CAS precharge (tacp) are added. Inone RAS 
cycle, 256-word memory cells of the same row address 
can be accessed. It is necessary to specify access 
frequency within tras max (10 us). 


Transfer Operation 

The HM5381 22 provides the transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer 
cycles. These transfer cycles are set by driving DT/OE 
low at the falling edge of RAS. 

They have following functions: 


(1) Transfer data between row address and SAM data 
register (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 
(a) Read transfer cycle: RAM-—>SAM 
(bo) Write transfer cycle: RAM <— SAM 

(3) Determine input or output of SAM I/O pin (SI/O) 


HM538122 Series 


(4) Determine first SAM address to access (SAM start 
address) after transferring atcolumn address. When 
SAM start address is not changed, neither CAS nor 
address need to be set because SAM start address 
can be latched internally. 


Read Transfer Cycle (CAS high, DT/OE low, WE high 


a 


at the falling edge of RAS) 


This cycle becomes read transfer cycle by driving 
DT/OE low and WE high at the falling edge of RAS. The 
row address data (256 x 8 bit) determined by this cycle 
is transferred synchronously at the rising edge of DT/ 
OE. After the rising edge of DT/OE, the new address 
data outputs from SAM start address determined by 
column address. 

This cycle can access SAM serially even during 
transfer (realtime read transfer). In this case, the timing 
tspp (min) is specified between the last SAM access 
before transfer and DT/OE rising edge, and tspx(min) 
between the first SAM access and DT/OE rising edge 


Read transfer cycle: S1/O output (see figure 1). 
Pseudo transfer cycle, 
write transfer cycle: SI/O input 
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Address 


mre ee ae eS Yj+1 


SAM Data Before Transfer 





SAM Data After Transfer 


Figure 1. Real Time Read Transfer 


lf read transfer cycle is executed, SI/O becomes 
output state. When the previous transfer cycle is either 
pseudo transfer cycle or write transfer cycle and SI/O 
is in input state, uncertain data outputs after taLz(min) 
after the RAS falling edge. Before that, input should be 
set high impedance to avoid data contention. 


Pseudo Transfer Cycle (CAS high, DT/OE low, WE 
low, and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching 

SI/O from output state to input state because data 
in RAM isn't rewritten. This cycle starts when CAS is 
high, DT/OE low, WE low, and SE high, at the falling 
edge of RAS. The output buffer in SI/O becomes high 
impedance within tsrz (max) from the RAS falling 
edge. Data should be input to SI/O later than tsip (min) 
to avoid data contention. SAM access becomes enabled 
after tsrp (min) after RAS becomes high. In this cycle, 
SAM access is inhibited during RAS low, therefore, SC 
should not be raised. 


Write Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input 
by serial write cycle to RAM. The row address of data 
transferred into RAM is determined by the address at 
the falling edge of RAS. The column address is specified 
as the first address to serial write after terminating this 
cycle, Also in this cycle, SAM access becomes enabled 
after tsp (min) after RAS becomes high. SAM access is 
inhibited during RAS low. In this period, SC should not 
be raised. 


SAM Port Operation 


Serial Read Cycle 

SAM port is in read mode when the previous data 
transfer cycle is read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output 
from SI/O. If SEis set high SI/O becomes high impedance 
and internal pointer is incremented at the SC rising 
edge. 
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Serial Write Cycle 

If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, SI/O data is programmed into data 
register at the SC rising edge like in the serial read 
cycle. If SE is high, SI/O data isn’t input into data 
resister. Internal pointer is incremented according to 
the SC rising edge, so SE highcan mask data for SAM. 


Refresh 


RAM Refresh 

RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is performed 
by accessing all 512 row addresses every 8 ms. There 
are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBR) refresh cycle, and (3) 
Hidden refresh cycle. Besides them, the cycles which 


_activate RAS such as read/write cycles or transfer. - -- 


cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses 
every 8 ms. 


RAS-Only Refresh Cycle: RAS-only refresh cycle is 
performed by activating only RAS cycle with CAS fixed 
to high by inputting the row address (= refresh address) 
from external circuits. In this cycle, output is high- 
impedance and power dissipation is less than that of 
normal read/write cycles because CAS internal circuits 
don’t operate. To distinguish this cycle from data 
transfer cycle, DT/OE should be high at the falling 
edge of RAS. 


CBR Refresh Cycle: CBR refresh cycle is set by 
activating CAS before RAS. In this cycle, refresh 
address need not to be input through external circuits 
because it is input through an internal refresh counter. 
In this cycle, output is in high impedance and power 
dissipation is lowered like in RAS-only refresh cycles 
because CAS circuits don’t operate. To distinguish this 
cycle from logic operation set/reset cycle, WE should 
be high at the falling edge of RAS. 


Hidden Refresh Cycle: Hidden refresh cycle 
performs refresh by reactivating RAS when DT/OE 
and CAS keep low in normal RAM read cycles. 


SAM Refresh 
SAM parts (data register, shift register, selector), 
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organized as fully static circuitry, don’t require refresh. 


Logic Operation Mode 

The HM538122 supports logic operation capability 
on RAM port. It performs logic operations between the 
memory cell data and input data in logic operation 
mode cycle, and writes the result into the memory cell 
(read modify write). This function realizes high speed 
raster operations and simplifies peripheral circuits for 
raster operations. 


Logic Operation Set/Reset Cycle 
(CAS and WE Low at the falling edge of RAS) 


In logic operation set/reset cycle, the following 
operations are performed at the same time; 1. Selection 
of logic operations and logic operation mode set/reset, 
2. Mask data programming, 3. CAS-before-RAS refresh. 

Figure 2 shows the timing for logic operation set/” 
reset cycle. This cycle starts when CAS and WE are low 
at the falling edge of RAS. In this cycle, logic operation 
codes and mask data are programmed by row address 
and I/O pin at the falling edge of RAS respectively. 
When write cycle is performed after this cycle, the logic 
operation write cycle starts. In the logic operation 
mode, the specification of cycle time is longer than that 
of normal mode because read-modify-write cycle is 
performed internally. In this cycle, logic operation codes 
and mask data programmed are available until 
reprogrammed. In normal mode, mask datais available 
only for one RAS cycle. Here, the mask data 
programmed in normal mode is named as “temporary 
mask data” and the one programmed in logic operation 
set/reset cycle is named as “mask data”. 


(1)Selection of logic operations and logic operation 
mode set/reset 


Table 2 shows the logic operations. One operation 
is selected among sixteen ones by combinations of 
AO-A3 levels at the falling edge of RAS. (A4-A8 are 
Don't care.) Logic operation codes (A3, A2, A1, AO) = 
(0,1,0,1) resets the logic operation mode. When write 
cycle is performed after that, normal write cycle starts. 
However, even inthis case, mask data is still available. 
(/O should be at high level at the falling edge of RAS in 
logic operation set/reset cycle when mask data is not 
used. 
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(2)Mask data programming masked and the same memory cell data remains. 

Mask data, programmed in this cycle, is available 

High/low level of I/O at the falling edge of RAS until reprogrammed. It is advantageous when the 
functions as mask data. When I/O is high, the data is same mask data continues. 


written in write cycle. When I/O is low, the input data is 







A0-A3 Logic Code 


1/00-1/03 


Mask Data 


Figure 2. Logic Operation 


Table 2. Logic Code 














Logic Code 

A3 A2 Al AO Symbol Write Data 

0 0 oe 0 Zero 0 

0 0 0 1 AND1 Di-Mi 

0 0 1 0 AND2 Di-Mi 

0 0 1 1 ae Mi 
(0 1 0 0 AND3 Di-Mi 
0 1 0 1 THROUGH Di 

0 1 1 0 _EOR Di-Mi+Di-Mi 

0 1 1 1 OR1 Di+Mi 

1 0 0 0 NOR Di-Mi 

1 0 0 1 ENOR Di-Mi+Di-Mi 

1 0 1 0 INV1 Di 

1 0 1 1 OR2 Di+Mi 

1 1 0 0 INV2 Mi 

1 1 0 1 OR3 Di+Mi 

1 1 1 oO NAND Di+Mi 

1 1 1 1 £One 1 

Notes: Di; External data-in 
Mi; The data of the memory cell 
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Notes 


Logic operation mode set 


Logic operation mode reset 


Logic operation mode set 
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Logic operation 
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set/reset cycle 
CAS “Hy” 
“WE ; : “ye 
1/00 “1"Write “O”Write 
1/01 Masked Masked 
1/02 “O"Write Masked Masked 
1/03 “1"Write “0” Write “1"'Write 
Logic =f ll AND1 THROUGH AND1 AND1 
Temporary mask 
Mask data is set. data is set, and 

: valid only in this 

Remarks 1/01 ,2:Masked y 


Assume that the 
logic is set to 
"ANDI." 









cycle.I/O 0, 3: 

Masked (1/O4— 
/O7 are also ope- 
rated similarly.) 












Figure 3. 2 Types of Mask Write Function and Logic Operation Function 


Also, temporary mask data is programmed by falling 
WE at the falling edge of RAS in logic operation mode 
cycle after mask data is programmed in logic operation 
set/reset cycle. In this case, temporary mask data is 
available only for one cycle. 


Logic operation is reset during temporary mask 
write cycle. It means that external input data is written 
into I/O when temporary mask data is set. Figure 4 
shows write mask and logicoperations. These functions 


are useful when RAM port is devided into frame buffer 
area and data area, as they save the need to reprogram 
logic operation codes and mask data. 


Write Cycle in Logic Operation Mode 
(Early Write, Delayed Write, Page Mode) 


Write cycle after logic operation set cycle is logic 
operation mode cycle. In this cycle, the following read- 
modify-write operation is performed Internally. 
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(1) Reading memory data in given address into internal memory data 


bus. (3) Writing the result of (2) into address given by (1) 
(2) Performing operation between input data and 


| Execute logic operation set/reset cycle 


Read 1-word source data 





Read 1-word source data 


Read 1-word destination data 












Execute logic operation between source data and 


destination data 


Write the result of operation into the destination Write read data into the destination address 
address 


(a) Normal Mode (b) Logic Operation Mode 








Figure 4. Sequence of Raster Operation 


executed in one write cycle of logic operation mode. It 
makes raster operation faster and simplifies peripheral 
hardware for raster operation. 


Figure 4 shows sequence of raster operation. Raster 
operation which needs 3 cycles (destination read, 
operation, destination write) in normal mode can be 


Absolute Maximum Ratings 





























Item Symbol Rating Unit 
Terminal voltage *! VT —1.0 to +7.0 V 
Power supply voltage *! Vcc —0.5 to +7.0 Vv 
Power dissipation Pr 1.0 Ww 
Operating temperature Topr 0 to +70 aC 
Storage temperature Tstg —55 to +125 a & 


Note: ‘*1. Relative to Vss. 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 





Item Symbol Min Typ Max Unit 
Supply voltage *! Vcc 4.5 5.0 5.5 Vv 
Input high voltage *! Vin 2.4 — 6.5 V 
Input low voltage *! Vi -0,5"? — 0.8 V 


Notes: *1. All voltages referenced to Vss. 
*2. —3.0 V for pulse width < 10 ns. 
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HM538122 Series 


DC Characteristics (Ta = 0 to +70°C, Vcc = 5 V 10%, Vss = 0 V) 


HMS538122 HM538122 HM538122 iv 
Test Conditions 





Item Symbol -10 -12 -15 Unit 
Min Max Min Max Min Max RAM port SAM port 
Operating Iec1 oye 590 — 60 — 50 mA RAS,CAS SC=Vn,SE=Vm 
current cycling 
Icc7 — 120 — 100 oe 80 mA trc=Min SE= Vn, SC cycling 
tscc = Min 
Standby current Icc2 — 7 — 7 — 7 mA RAS,CAS — SC= Vn, SE=Vm 
= Vn 
Iccs — 50 — 40 — 30 mA SE = Vi, SC cycling 
tscc = Min 
RAS-only Ices — 60 — 50 — 40 mA RAS cycling SC = Vu,SE = Vai 
refresh current CAS = Vin 
Icco == 110 — 90 — 70 mA trc=Min SE= Vn, SC cycling 
tscc = Min 
Page mode _—Icca — 65 = 55 — 45 mA CAScycling SC = Vu, SE= Vn 
current RAS = Vi. 
Iccio — 115 — 95 — 75 mA trc=Min  SE= Vn, SC cycling 
Siete ee ae oo BECO = Min 
CAS-before- —_Iccs — 60 — 50 — 40 mA RAScycling SC = Vn, SE= Vin 
RAS refresh tec = Min 
current Iecu — 110 — 90 — 70 mA SE = Vu, SC cycling 
tscc = Min 
Data Icce — 90 — 90 — 90 mA RAS,CAS SC=Vun,SE=Vm 
transfer cycling 
current Icci2 — 125 — 125 — 125 mA trc=Min  SE= Vn, SC cycling 
tscc = Min 
Input leakage = Iu -10 10 ~10 10 ~10 10 LA 
current 
Output leakage ILo -10 10 -10 10 -10 10 LA 
current 
Output high Vou 2.4 — 24 — 2.4 — V Ion = -2 mA 
voltage 
Output low VoL — 04 — 04 — 04 V Io. = 4.2mA 
voltage 


Capacitance (Ta = 25°C, Vcc =5V, f = 1 MHz, Bias: Clock, I/O = Vcc, address = VSS) 


Item Symbol Min Typ Max Unit 
Address Cn — — 5 pF 
Clock Cr — — 5 PF 
I/O, S/O Cryo — — 7 pF 
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HM538122 Series —— 


AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V 10%, Vss =0 V)""! 


Test Conditions 
Input rise and fall time: 5 ns 
Output load: See Figures 


Input timing reference levels: 0.8 V,2.4V 
Output timing reference levels: 0.4 V, 2.4 V 


Output Load (A) Output Load (B) 


lon=—2mA lon = —2mA 
a RE oat 


lor =4 2mA lor =4 2mA 


EE a ee 





Note: *1. Including scope & jig. 


Common Parameter 




















Item Symbol HM538122-10 HM538122-12 HM538122-15 Unit Note 
Min Max Min Max Min Max 
Random read or write cycle time —_trc 190 — 220 — 260 — ns 
RAS precharge time tRP 80 = 90 _ 100 — ns 
RAS pulse width IRAS 100 10000 120 10000 150 10000 ns 
CAS pulse width tCAS 30 10000 35 10000 40 10000 ns 
Row address setup time LASR 0 — 0 — 0 — ns 
Row address hold time tRAH 15 — 15 — 20 — ns 
Column address setup time tasc 0 —— 0 — 0 co ns 
Column address hold time tcan——(ié — 20 — 25 — ns 
RAS to CAS delay time tRCD 25 70 25 85 30 110 ns “76 
RAS hold time IRSH 30 — 35 a 40 — ns 7 
CAS hold time tcsH 100 — 120 = 150 — ns 
CAS to RAS precharge time tcRP 10 — 10 — 10 — ns 
Transition time (rise to fall) tr 3 50 3 50 3 50 ns oe 
Refresh period (REF — 8 — 8 — 8 ms 
~ DT to RAS setup time wTs 0 — 0 — 0 — ns 
DT to RAS hold time ioTH 15 — 15 —_ 20 — ns 
Data-in to OE delay time tDZ0 0 — 0 — 0 — ns 
Data-in to CAS delay time tpzc 0 — 0 — 0 = ns _ 
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HM538122 Series 


Read Cycle (RAM), Page Mode Read Cycle 





Item Symbol HM538122-10 HM538122-12 HM538122-15 Unit Note 
Min Max Min Max Min Max 
~ AccesstimefromRAS trac — 100 — 120 — #150 ons %°3 
Access time from CAS tcAC ae 30 nes 35 = 40 ns "3+ *5 
Access time from OE toac ae 30 nae 35 eae 40 ns i 
Address access time tAA = 45 —_ 55 2 70 ns  “3:%6 
~ Output buffertumoffdelay = tom oOo 2 0 30 OO 40 mn 7 
referenced to CAS 
Output buffer turn off delay toFF2 0 25 0 30 0 40 ns 
referenced to OE 
~ Readcommandsetuptime tre O= = — 0O — §QO — ns 
Read command hold time IRCH 0 — 0 — 0 _ ns me 
Read command hold time tRRH 10 — 10 mins 10 as ns “te 
referenced to RAS 
RAS to column address tRAD 20 55 20 65 25 80 ns *5.°6 
delay time 
Page mode cycle time tec 55 — 65 — 80 — ns 
CAS precharge time tcp 10 ae 15 = 20 — ns 
Access time from CAS precharge tacp — .. 50 — 60 _ 75 ns 





Write Cycle (RAM), Page Mode Write Cycle 


Item Symbol HM538122-10 §HM538122-12 HM538122-15 Unit Note 

Min Max Min Max Min Max 

Write command setup time twcs 0 — 0 — 0 _ ns ibe 

Write command hold time twcH 25 —_ 25 — 30 — ns 

Write command pulse width twp 15 — 20 — 25 — ns 

Write command to RAS lead time  trwL 30 _ 35 — 40 — ns 

Write command to CAS lead time _ tcwL 30 — 35 = 40 — ns 

Data-in setup time tps 0 — 0 — 0 — ns is 

Data-in hold time tbH 25 — 25 —< 30 = ns a 

WE to RAS setup time tws 0 — 0 = 0 — ns 

WE to RAS hold time twH 15 — 15 — 20 — ns 

Mask data to RAS setup time tms 0 — 0 — 0 — ns 

Mask data to RAS hold time tMH 15 — 15 — 20 — ns 

OE hold time referenced to WE tOEH 10 — 15 — 20 — ns 

Page mode cycle time tPc 55 — 65 —_ 80 — ns 

CAS precharge time tcp 10 — 15 — 20 ~ ns 
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HM538122 Series 


Read-Modify-Write Cycle 


Item Symbol HMS538122-10 HM538122-12 HM538122-15 Unit Note 
Min Max Min Max Min Max 
Read modify write cycle time tRWC 255 — 295 — 350 — ns 
RAS pulse width tRWs 165 10000 195 10000 240 10000 ns 
CAS to WE delay tcwp 65 = 75 = 90 — ns 2 
Column address to WE delay tawD 80 —_ 95 — 120 — ns ea 
OE to data-in delay time topD 25 — 30 — 40 — ns 
Access time from RAS tac — 100 — 120 _ 150 ns "2.83 
Access time from CAS tcAc — 30 — 35 — 40 ns “3"5 
Access time from OE toAc = 30 — 35 = 40 ns Ke 
Address access time tAA = 45 — 55 — 70 ns "ae 
RAS to column address delay tRAD 20 55 20 65 25 80 ns es 
Output buffer turn-off delay toFF2 0 25 0 30 0 40 ns 
referenced to OE 
Read command setup time IRCS 0 — 0 — 0 — ns 
Write command to RAS lead time  trwL 30 a 35 ome 40 fees ns 
Write command to CAS lead time tcw 30 — 35 — 40 — ns 
Write command pulse width twP 15 — 20 — 25 — ns 
Data-in setup time tps 0 — 0 — 0 —_ ns Bas 
Data-in hold time (DH 25 — 25 — 30 — ns ae 
WE to RAS setup time tws 0 — 0 — 0) — ns 
WE to RAS hold time tWH 15 — 15 — 20 ~— ns 
Mask data to RAS setup time tMs 0 — 0 — 0 — ns 
Mask data to RAS hold time tMH 15 — 15 — 20 —_— ns 
OE hold time referenced to WE _tokH 10 _ 15 fel 20 ed ns 
Refresh Cycle 
Item Symbol HM538122-10 §©HM538122-12 HM538122-15 Unit Note 
Min Max Min Max Min Max 
CAS setup time tcsR 10 — 10 — 10 — ns 
(CAS-before-RAS refresh) 
CAS hold time {CHR 20 = 25 _ 30 — ns 
(CAS-before-RAS refresh) 
RAS precharge to CAS hold time _ trrc 10 _ 10 = 10 — ns 
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Transfer Cycle 





HM538122 Series 





Item Symbol HM538122-10 ©HM538122-12 HM538122-15 Unit Note 
Min Max Min Max Min Max 
WE to RAS setup time tws 0 — 0 — 0 — ns 
WE to RAS hold time tWH 15 = 15 _ 20 — ns 
SE to RAS setup time tes 0 — 0 — 0 — ns 
SE to RAS hold time tEH 15 _ 15 = 20 — ns 
RAS to SC delay time tsRD 25 — 30 — 35 — ns 
SC to RAS setup time tRS 30 — 40 — 45 — ns 
DT hold time from RAS tRDH 80 — 90 = 110 = ns 
DT hold time from CAS {CDH 20 ee 30 — 45 — ns 
Last SC to DT delay time tspD 5 — 5 — 10 — ns 
First SC to DT hold time tsDH TBD — TBD — TBD — ns 
DT to RAS lead time toTL 50 — 50 — 50 — ns 
DT hold time referenced to tDTHH 20 — 25 — 30 — ns 
RAS high 
DT precharge time toTP 30 a 35 — 40 — ns 
Serial data input delay time tsID 50 — 60 — 75 — ns 
from RAS 
Serial data input to RAS. tSZR ae 10 fe 10 — 10. ns 
delay time 
Serial output buffer turn-off tsRz 10 50 10 60 10 75 ns si 
delay from RAS 
~ RAStoSout(Low-Z)delaytime taz 5 #=#— 10  — 10  — ns. 
Serial clock cycle time tscc 30 — 40 — 60 — ns 
Access time from SC tscA ~ 30 - 40 — 50 ns i, 
Serial data out hold time tsOH 7 — 7 — 7 — ns ie 
SC pulse width tsc 10 ~~ 10 — 10 — ns 
SC precharge width tscP 10 — 10 — 10 — ns 
Serial data-in setup time tsis 0 — 0 — 0 — ns 
~~ Serial data-in hold time tsi 15 = 20 = 25 = nis 
Serial Read Cycle 
Item Symbol HM538122-10 HM538122-12 HM538122-15 Unit Note 
Min Max Min Max Min Max 
Serial clock cycle time tscc 30 — 40 — 60 — ns 
Access time from SC tscA — 30 — 40 — 50 ns ca 
Access time from SE {SEA = 25 — 30 — 40 ns has 
Serial data-out hold time tsoH 7 — 7 — 7 — ns ia 
SC pulse width tsc 10 — 10 — 10 — ns 
SC precharge width tscP 10 — 10 — 10 — ns 
Serial output buffer turn-off (SEZ 0 25 0 25 0 30 ns - 
delay from SE 
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HM538122 Series 


Serial Write Cycle 
Item Symbol HM538122-10 HM538122-12 §©HM538122-15 Unit Note 
Min Max Min Max Min Max 
Serial clock cycle time tscc 30 — 40 — 60 — ns 
SC pulse width tsc 10 — 10 — 10 — ns 
SC precharge width tscP 10 — 10 — 10 — ns 
Serial data-in setup time tsis 0 = 0 — 0 — ns 
Serial data-in hold time tstH 15 — 20 — 25 — ns 
Serial write enable setup time tsws 0 — 0 — 0 — ns 
Serial write enable hold time tSWH 30 — 35 — 50 — ns 
Serial write disable setup time tswis 0 — 0 — 0 — ns 
Serial write disable hold time tsWIH 30 — 35 — 50 — ns 
Logic Operation Mode 
Item Symbol HM538122-10 HM538122-12 §=HM538122-15 Unit Note 
Min Max Min Max Min Max 

AS hold time tFCHR 90 — 100 — 120 — ns 

(logic operation set/reset cycle) 
RAS pulse width in write cycle tRFS 140 10000 165 10000 200 10000 ns 
CAS pulse width in write cycle tcrs 60 — 70 — 80 — ns 

~ CASholdtimeinwritecycle twee 140 — 16 — 20 — ns 

RAS hold time in write cycle tFRSH 60 — 70 — 80 — ns 
Write cycle time tFRC 230 — 265 — 310 _— ns 
Page mode cycle time tFPC 85 — 100 — 120 — ns 


(write cycle) 





Notes: *1. AC measurements assume tT = 5 ns. 

*2. Assume that tRCD < tRCD (max) and tRAD S tRAD (max). 

If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC exceeds the value shown. 

*3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

*4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

*5. When tRcp 2 tRCD (max) and tRAD S$ tRAD (max), access time is specified by tCac. 

*6. When tRCD S tRCD (max) and tRAD 2 tRAD (max), access time is specified by taA. 

*7. toFF (max) is defined as the time at which the output achieves the open circuit condition (VOH— 200 mV, VoL + 200 mV). 

*§. VIH (min) and ViL (max) are reference levels for measuring timing of input signals. Transition times are measured between 
Vin and ViL. 

*9. When twcs 2 twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) condition. 
When taAwD 2 tAwD (min) and tcwb 2 tcwD (min), the cycle is a read-modify-write cycle; the data of the selected address 
is read out from a data output pin and input data is written into the selected address. In this case, impedance on I/O pins is 
controlled by OE. 

*10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

*11. After power-up, pause for 100 is or more and execute at least 8 initialization cycles (normal memory cycles or refresh cycles), 
then start operation. 

*12. If either tRCH or tRRH is satisfied, operation is guaranteed. 


@ HITACHI 
458 Hitachi America, Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 ¢ (415) 589-8300 


HM538122 Series 


Timing Waveforms 
Read Cycle 


Aerie = mm 
aT Lett 


Address PXL Row | 4 > 


= TIL as —— 
3 - 


pe t) 


dies bpm is | 
proe ///At RH, te ML ZZ] : Don't care. 


Early Write Cycle 





a Pa MLL 


UD) 


= Det ses IL 


High-Z 


tors torn 


Vy MMMM 
¥//2 : Don't care 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series 


Delayed Write Cycle 


Lees eae ae (Caeee! 
tt 
Pot = KIT 


el P ES Lie 
=X T= 
ee ee 
JL, alt NTT 
ey OK KY con MOTT 


1/0 High-Z 
(Output) 


V/A} : Don't care 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 





Read-Modify-Write Cycle 


ta 
aaa 


atves 77 : « = im TTT ZILLA 
« KA TTT 


Tal — 


isi) emer bin 11, Ea 7 


ee 


— oie oD = 
wo Tt NOT va “RULE 


: Don't care 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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——____—---____—____—_—— }HM538122 Serles 


Page Mode Read Cycle 







her amas ation 


* TRY Oh, [ee mcs 
Ls 

ao ese 
sg Fla 





- seu i a =A 
we corte Lyeok: a 
1, IAEA ENO LZ 


(Input) 


1/0 High-Z 
(Output) tors} [torn 


wwe ONT LLL LL LLL ALLL LLL LLL LLL LL LLL 


y// : Don’t care 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series 


Page Mode Write Cycle (Delayed Write) 


Address ro Column pad eeeces fo LLLLLLLL 


= De MZ (IIIT, MITTIN VOTTTTIETL 
st DA XCDNSEMZZZIZINE ZITO ENIIIIZI ZIT 


High-Z 
toen 





: Don't care. 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 





RAS-Only Refresh Cycle 





TTT 
adres De MOLT TTT TD 


fg 
a 

ee ee ee 
IE Hie 


is /} 
19, NTT 
mE TE TTT TTT TTT 


T/ 
V//\ : Don't care. 


Fl 
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HM538122 Series 


CAS-Before-RAS Refresh Cycle 





Address 






“WE 






1/0 
(Input) 









High-Z 






1/0 
(Output) 








DT/OE 


: Don’t care. 





Hidden Refresh Cycle 


= elie “mance ta 
c emcee 


H——{ vals dateouw = Valid Data Out 


1/0 
(Output) fom ee Eta 


nee AN 
tozc 
‘no //) 





=) 1. : Don't care. 
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HM538122 Series 





Read Transfer Cycle (1) *':*2 


= at 
= = CWT 
- ptt r= TL 
High-Z = pi 


1/0 —— te | 
(input) TIMI TTT TEI 
acaba eee me! 


tornn 


1/0 
(Output) 


tors 


ovo / t-te XU] //7] 


tsoo teow 


Sc 


cin XSL TIENEN 


SI/0O High-Z 
(Input) 





(/7/) - Don't care 


Notes: *1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
*2, SE is in low level. (When SE is high, SI/O becomes high impedance.) 
*3. CAS and SAM start address don’t need to be specified every cycle if SAM start address is not changed. 


Read Transfer Cycle (2) *!:*? 
pea = a om 
we Ring Sem TTT 


tore 


1/0 High-Z | 
(Output) 


a fo a eee | 
cmt) LEE ET TTT LET EEE TT LT 


Cornu 


t 
tars ROK 


ae is Pe TTT 


so fh tse RYOKO? Te Fe ieee 
v0 CTT 7] 


(Output) a tsi 


Si/e \F Valid 
(input) yet) 
: Don't care 


KX : Inhibit rising transient 





Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
*3. CAS and SAM start address don’t need to be specified every cycle if SAM start address is not changed. 
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HM538122 Series 


Pseudo Transfer Cycle 


[_—_—— 
RAS 
——— ee 
a ——— 
Ars .— a ee MOTT TTT 
« i= 


CAS 


AL pore OTTO 
oe nee 
Accomm Se 


S!/0 
(Input) 
t 


S!/0 
(Output) 





77/7 Don't care 
XXX Inhibit bi transient 


1/0 . Don't c 








Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 


Write Transfer Cycle 


Address om} a CETTE LL 
e fs PEETEECETEEEEETTATTTALTPROTEBEE 
aoe ree a 


a At rer 


. PRD XXX 
Croat = CLLLL LLL LLL LR "3 LL TK" 
s1/0 High=2 
(Output) 
V/7A : Don't care 
Kx . Inhibit rising transient 





Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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HM538122 Series 


Serial Read Cycle 


SI/0 
(Output) 


: Don’t care. 





Serial Write Cycle 


tscc 


eS Fate hI top | Tea 


Tr. tsc ¥ 
(n—2) [XY as P| (nt) 


cing) stn NLM "into ILL Sino 
tsis as 


(7/7, : Don't care. 





Notes: 1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
2. Address 0 is accessed next to address 255. 
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HM538122 Series 


Logic Operation Set/Reset Cycle 


Address 


(Input) 





1/0 
(Output) 


DT/OE 


(7/4, : Don't care 





Notes: 1. Logic code AO-A3 
2. Write mask data 
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HM538122 Series 


Logic Operation Mode Timing Waveforms 
Early Write Cycle 


— T rrr 
2 WO wee VOT 


DT/OE 
(// 4° Don't care. 





Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 


Delayed Write Cycle 


teac 
tass 
us a i 
os Ss ee a 


es Se cm THT 


We =i ST TTT 


D1/0E ii jim 
cow LR | VI LEL LLL 


1/0 High-Z 
(Output) CZ] : Don't care. 





Note: *1. When WEis high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series 


Page Mode Write Cycle (Delayed Write) 


tecsy 
bance tors 


a resin hs Sane om 
a [LT 


eal el 





| AT YT 
a, (ole mee 


1/0 
(Output) 


toe 


NLL! 


VA op : Don't care 





Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 


Page Mode Write Cycle (Early Write) 





terc 
tre 
RAS 
tecsu trec ters 
taco ters tors tors 
CAS 


os ade a 
tasr 
=e fe ears 


Are [= Jom 777 eo [1D TTT 


a ce 1 Te 
Pe meun = 0 
1/0 
(Output) 

DT/OE 





: Don't care 


Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 
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HM538123 Series — rretiminary 


131072-Word x 8-Bit Multiport CMOS Video RAM 


The HM538123 is a 1-Mbit multiport video RAM equipped witha Pin Arrangement 
128-kword x 8-bit dynamic RAM and a 256-word x 8-bit SAM (serial 
access memory). Its RAM and SAM operate independently and 
asynchronously. It can transfer data between RAM and SAM and 
has awrite mask function. In addition, it has two new functions. Flash 
write clears the data of one row in one cycle in RAM. Special read 
transfer internally detects that the last address in SAM is read and 
transfers the next data of one row automatically from RAM if a 
transfer cycle has previously been executed. These functions make 
it easier to use the HM538123. 


Feautures 
¢ Multiport organization 
Asynchronous and simultaneous operation of RAM and SAM 
capability 
RAM: 128-kword x 8-bit and SAM: 256-word x 8-bit 
¢ Accesstime RAM: 100 ns/120 ns/150 ns max 
SAM: 30 ns/ 40 ns/ 50 ns max 
¢ Cycle time RAM: 190 ns/220 ns/260 ns min 
SAM: 30 ns/ 40 ns/ 60 ns min 
¢ Low power 
Active RAM: 385 mW max 
SAM: 275 mW max 
Standby 40 mW max 
¢ High-speed page mode capability 
¢ Mask write mode capability 
¢ Bidirectionaldata transfer cycle between RAM and SAM capability 
¢ Special read transfer cycle capability 
¢ Flash write cycle capability Eerie Weve 
* 3variations of refresh (8 ms/512 cycles) se 5c OUESSS INDUS 
RAS-only refresh 1/O00-I/O7 RAM port data inputs/ 


CAS-before-RAS refresh te 
Hidden reirosh SI/O0- SAM port data inputs/ 


¢ TTL compatible ST/07 outputs 





(Top View) 


Pin Description 


Pin Name Function 


RAS Row address strobe 
Ordering Information CAS __ Column address strobe _ 
- WE Write enable 
Type No. Access Time Package “DIOE Data tansferOuput 
HM538123JP-10 100 ns 400-mil saabie 
HM538123JP-12 120 ns 40-pin SC Serial clock 
HM538123JP-15 150 ns Plastic SOJ (CP-40D) “SE SAMportenable 
DSF Special function input 
flag 
QSF Data register empty 
flag 
Vcc Power supply 
Vss Ground 
NC No connection 


This document contains information on anew product. Specifications and information 
contained herein are subject to change without notice. 
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Block Diagram 


Pointer 


Memory 


From 

Column Address 
(SAM Start 
Address) 
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Pin Function 


RAS (input pin): RAS is a basic RAM signal. It is active of RAS. The input level of those signals determine the 
in low level and standby in high level. Row address and operation cycle of the HM538123. 
signals as shown in table 1 are input at the falling edge 


Table 1. Operation Cycles of the HM538123 
Input Level at the Falling edge of RAS 


ee _veneseect oe Operation Cycle 
CAS DT/OE WE SE DSF 

H H H x L RAM read/write 

H H H x H Color register set 

H H L x L Mask write 

H H L x H Flash write 

H L H x L Special read initialization 

H L H x H Special read transfer 

H L L H x Pseudo transfer 

H L L JF x Write transfer 

L x x x x CBR refresh 


Note: x; Don’t care. 


CAS (input pin): Column address is put into chip atthe —_— register, and column address is the SAM start address 
fallingedgeof CAS. CAS controls outputimpedanceof _after transfer. 
/O in RAM. 

WE (input pin): WE pin has two functions at the falling 
AO-A8 (input pins): Row address is determined by edge of RAS and after. When WE is low at the falling 
AO-A8 level at the falling edge of RAS. Column address edge of RAS, the HM538123 turns to mask write mode. 
is determined by A0—A7 level at the falling edge of According to the I/O level at the time, write on each I/ 
CAS. In transfer cycles, row address isthe addresson § Ocanbe masked. (WE level at the falling edge of RAS 
the word line which transfers data with SAM data is don’t care in read cycle.) When WE is high at the 
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falling edge of RAS, a normal write cycle is executed. 
After that, WE switches read/write cycles as in a 
standard DRAM. In a transfer cycle, the direction of 
transfer is determined by WE level at the falling edge 
of RAS. When WE is low, data is transferred from SAM 
to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is 
read from RAM). 


/O0-1/07 (input/output pins): /O pins function as 
mask data at the falling edge of RAS (in mask write and 
flash write mode). Data is written only on high I/O pins. 
Data on low I/O pins are masked and internal data are 
retained. After that, they function as input/output pins 
as those of a standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data 
transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When DT is low at the 
falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM 
and SAM operate independently. 


SC (input pin): SC is abasic SAM clock. Inaserial read 
cycle, data is output from an SI/O pin synchronously 
with the rising edge of SC. In a serial write cycle, data 
on an SI/O pin at the rising edge of SC is put into the 
SAM data register. 


SE (input pin): SE pin activates SAM. When SE is high, 
SI/O is in the high impedance state in serial read cycle 
and data on SI/O is not put into the SAM aata register 
in serial write cycle. SE can be used as a mask for 
serial write because internal pointer is incremented at 
the rising edge of SC. 


$1/00-SI/O7 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by 
the previous transfer cycle. When it was a special read 
transfer cycle or special read initialization cycle, SI/O 
outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SI/O inputs data. 


DSF (input pin): DSF is a special data input flag pin. It 
is set to high when new functions such as color register 
set, special read transfer, and flash write, are used. 


QSF (output pin): The HM538123 has a double buffer 
organization which includes two SAM data registers to 
relax the restriction on timings of DT/OE and SC in real 
time transfer cycle. QSF flag turns high when output 
from one of SAM data registers finished (data register 


empty flag). If the condition is detected and special 
read transfer cycle is executed, data is transferred to 
the empty register. SC (serial clock) and data transfer 
cycle can be set asynchronously because detection of 
the last address in SAM and change of data register 
are executed automatically in the chip. It makes the 
system design flexible. 


Operation of HM538123 


Operation of RAM Port 
RAM Read Cycle (DT/OE high, CAS high, DSF low at 
the falling edge of RAS) 


Row address is entered at the RAS falling edge and 
column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/ 
OE is low while CAS is low, the selected address data 
is output through I/O pin. At the falling edge of RAS, 
DT/OE and CAS become high to distinguish RAM read 
cycle from transfer cycle and CBR refresh cycle. 
Address access time (taa) and RAS to column address 
delay time (trap) specifications are added to enable 
high-speed page mode. 


RAM Write Cycle 

(Early Write, Delayed Write, Read Modify Write) 
(DT/OE high, CAS high, DSF low at the falling edge of 
RAS) 


« Normal Mode Write Cycle 
(WE high at the falling edge of RAS) 


When CAS and WE are set low after driving RAS 
low, a write cycle is executed and I/O data is written in 
the selected addresses. When all 8 I/Os are written, 
WE should be high at the falling edge of RAS to 
distinguish normal mode from mask write mode. 


lf WE is set low before the CAS falling edge, this 
cycle becomes an early write cycle and I/O becomes in 
high impedance. Data is entered at the CAS falling 
edge. 


If WE is set low after the CAS falling edge, this cycle 
becomes adelalyed write cycle. Datais input at the WE 
falling. VO does not become high impedance in this 
cycle, so data should be entered with OE in high. 


If WE is set low after tewo (min) and tawo (min) after 
the CAS falling edge, this cycle becomes aread modify 
write cycle and enables read/write to execute in the 
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same address cycle. In this cycle also, to avoid I/O 
contention, data should be input after reading dataand 
driving OE high. 


. Mask Write Mode 
(WE low at the falling edge of RAS) 


If WE is set low at the falling edge of RAS, the cycle 
becomes a mask write mode cycle which writes only to 
selected I/O. Whether or not an I/O is written depends 
on I/O level (mask data) at the falling edge of RAS. 
Then the data is written in high I/O pins and masked in 
low ones and internal data is preserved. This mask 
data is effective during the RAS cycle. So, in high- 
speed page mode cycle, the mask data is preserved 
during the page access. 


High-Speed Page Mode Cycle (DT/OE high, CAS 
high, DSF low at the falling edge of RAS) 


High-speed page mode cycle reads/writes the 
data of the same row address at high speed by toggling 
CAS while RAS is low. Its cycle time is one third of the 
random read/write cycle and is higher than the standard 
page mode cycle by 70-80 %. This product is based on 
static column mode, therefore, address access time 
(taa), RAS to column address delay time (trap), and 
access time from CAS precharge (tacp) are added. In 
one RAS cycle, 256-word memory cells of the same 
row address can be accessed. It is necessary to 
specify access frequency within tras max (10 ys). 


HM538123 Series 


Flash Write Function (See figure. 1) 


- Color Register Set Cycle (CAS-DT/OE:WE high, 
DSF high at the falling edge of RAS) 


In color register set cycle, color data is set to the 
internal color register used in flash write cycle. 8 bits of 
internal color register are provided at each I/O. This 
register is composed of static circuits, so once it is set, 
it preserves the data until reset. The data set is just as 
same as in the usual write cycle except that DSF is set 
high at the falling edge of RAS, and early write and 
delayed write cycle can be executed. In this cycle, 
memory array access is not executed, so it is 
unnecessary to give row and column addresses. 


¢ Flash Write Cycle (CAS:DT/OE high, WE low, DSF 
high at the falling edge of RAS) 


In a flash write cycle, a row of data (256 x 8 bit) is 
cleared to 0 or 1 at each I/O according to the data of 
color register mentioned before. It is also possible to 
mask I/O in this cycle. When CAS-DT/OE is set high, 
WE is low, and DSF is high at the falling edge of RAS, 
this cycle starts. Then, the row address to clear is given 
to row address and mask dataisto I/O. Mask datais as 
same as that of a RAM write cycle. High I/O is cleared, 
low I/O is not cleared and the internal data is preserved. 
Cycle time is the same as those of RAM read/write 
cycles, so all bits can be cleared in 1/512 of the usual 
cycle time. 
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Color Register Set Cycle Flash Writ — F Flash Write Cycle 
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(l/O4—I/O7 are also operated similarly. 





Figure 1. Use of Flash Write 
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Transfer Operation 

The HM538123 provides the special read 
initialization cycle, special read transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer 
cycles. These transfer cycles are set by driving DT/OE 
low at the falling edge of RAS. They have following 
functions: 


(1) Transfer data between row address and SAM data 
register (except for pseudo transfer cycle) 


(2) Determine direction of data transfer 
(a) Special read initialization cycle, 
Special read transfer cycle: RAM — SAM 
(b) Write transfer cycle: RAM <— SAM 


(3) Determine input or output of SAM I/O pin (SI/O) 


Special read initialization cycle: SI/O output 
Pseudo transfer cycle, 
write transfer cycle: SI/O input 


(4) Determine first SAM address to access (SAM start 
address) after transferring at column address. When 
SAMstart address is not changed, neither CAS nor 
address need to be set because SAM start address 
can be latched internally. 


Special Read Initialization Cycle (CAS high, DT/OE 
low, WE high, DSF low at the falling edge of RAS) 


If CAS is high, DT/OE is low, WE high, and DSF low 
at the falling edge of RAS, this cycle becomes a special 
read initialization cycle. Special read initialization is 
used (1) to start special read transfer operation and (2) 
to switch SAM input/output pin (SI/O) set in input state 


Memory 


DR : Data Register 
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by pseudo transfer cycle or write transfer cycle, to 
output state. 

If the clock is set as mentioned before, address of 
SAM transfer word line is set to row address and first 
SAM address to access (SAM start address) to column 
address, it becomes possible to execute SAM read 
after tsap (min) after RAS is high. In this cycle, SVO 
outputs uncertain data after the RAS falling edge. So 
when SAM is in input state before executing this cycle, 
it is necessary to stop input before the RAS falling 
edge. 

SAM access is inhibited while RAS is low in this 
cycle. SC should not be raised during RAS low. 
Special Read Transfer Cycle (CAS high, DT/OE low, 
WE high, DSF high at the falling edge of RAS) 


Ordinary multiport video RAM has some problems; 
(1) severe limitation on timings between processor 
clock DT/OE and CRT clock SC, (2) complicated 
external control circuit to detect SAM last address 
externally and to insert transfer cycle synchronously. 
Special read transfer cycle makes it possible to relax 
the timing limitations and to set serial clock (SC) and 
transfer cycle perfectly synchronously. 

Figure 2 shows the block diagram for a special read 
transfer. SAM double buffers are composed of two 
data registers (DR). When data is read out from DRO 
serially, special read transfer cycle transfers a row of 
RAM data, which will be read from SAM next, to DR1. 

The end of data read from DRO is detected internally 
and data register switching circuit automatically 
switches to DR1 output. So data can be output 
continuously. 


‘= 
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Detect SAM 
Last Address 
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Figure 2. Block Diagram for Special Read Transfer 
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Figure 3 shows special read transfer operation 
sequence. QSF flag indicates that reading out from 
data resister has finished (data register empty flag), 


and special read transfer can be executed while QSF 


is high. At first, special read operation starts by executing 
an special read initialization cycle. So QSF becomes 
high, the processor gives row address and SAM start 
address, which is needed next, to the memory, and 
inserts a special read transfer cycle. Data register 


RAM RAM 


fem - = 


Multiport 
Video RAM 
Operation 
Cycle 


‘gor address 


Y=255 Y=: i+ 


becomes full after a special read transfer cycle, so 
QSF becomes low during the cycle. When the last 
SAM address is accessed, QSF becomes high and the 
data register, which outputs from the next SAM address, 
changes, and serial access can be executed. 

By executing these handshakes, serial clock and 
transfer cycle can be executed perfectly asynchronous- 
ly, and flexibility of the system design is improved. 


RAM 
~ a 


AM Read 
/Write 


Calin ees 
=| 


Y=255 Y=j )}+1 


[\ | SoAVAVAVANA a T\A\/ 


| 


SI/O 
rae Output from DRO Output from DR1 


Figure 3. Special Read Transfer Operation Sequence 





Special read transfer cycle is set by making CAS 
high, DT/OE low, WE high, and DSF high at the falling 
edge of RAS (same as for special read initialization 
cycle except DSF). Like in other transfer cycles, the 
address of the word line to transfer into data register is 
specified by row address and SAM start is specified by 
column address. When the last SAM address data is 
output, the next data is output from the SAM start 
address specified by this RAS cycle. This transfer 
cycle can be executed asynchronously with SAM cycle. 
However, it is necessary to execute SAM access after 
RAS becomes high after SAM start address is specified 
by RAS cycle. (See figure. 4.) 

QSF should be high at the falling edge of RAS to 
execute a special read transfer cycle. A cycle whose 
QSF is low is neglected (refresh is executed). When 
the previous transfer cycle is a pseudo transfer or write 
transfer cycle and SI/O is in input state, special read 


transfer cycle cannot be used (neglected). Special 
read initialization cycle is required to switch SI/O to 
output state. 


Pseudo Transfer Cycle (CAS high, DT/OE low, WE 
low, and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching SI/ 
O from output state to input state because data in RAM 
isn’t rewritten. This cycle starts when CAS is high, DT/ 


OE low, WE low, and SE high, at the falling edge of 
RAS. The output buffer in S/O becomes high impedance 


within tsrz (max) from the RAS falling edge. Data 
should be input to SI/O later than tsip (min) to avoid data 
contention. SAM access becomes enabled after tsRD 
(min) after RAS becomes high, like in the special read 
initialization cycle. Inthis cycle, SAM access is inhibited 
during RAS low, therefore, SC should not be raised. 
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Figure 4. The Restriction of Special Read Transfer 


Write Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input 
by serial write cycle to RAM. The row address of data 
transferred into RAM is determined by the address at 
the falling edge of RAS. The column address is specified 
as the first address to serial write after terminating this 
cycle. Also inthis cycle, SAM access becomes enabled 
after tsrp (min) after RAS becomes high. SAM access 
is inhibited during RAS low. In this period, SC should 
not be raised. 


SAM Port Operation 


Serial Read Cycle 

SAM port is in read mode when the previous data 
transfer cycle is special read initialization cycle or 
special read transfer cycle. Access is synchronized 
with SC rising, and SAM data is output from SI/O.When 


the last address is accessed at the state of QSF low 
(data register is full), it is signaled to external circuits 
that special read transfer is enabled by making QSF 
high. Next, after SAM access, output data register is 
switched, then the row address data given by previous 
special read transfer cycle is output from the SAM start 
address. If special read transfer isn't performed (QSF 
high), the column address 0 of the same row address 
is accessed after the last address is accessed. 


Serial Write Cycle 

If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, SI/O data is programmed into data 
register at the SC rising edge like in the serial read 
cycle. If SE is high, SI/O data isn’t input into data 
register. Internal pointer is incremented according to 
the SC rising edge, so SE high can be used to mask 
data for SAM. 
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Refresh 


RAM Refresh 

RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is performed 
by accessing all 512 row addresses every 8 ms. There 
are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBR) refresh cycle, and (3) 
Hidden refresh cycle. Besides them, the cycles which 
activate RAS such as read/write cycles or transfer 
cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses 
every 8 ms. 


RAS-Only Refresh Cycle: RAS-only refresh cycle 
is performed by activating only RAS cycle with CAS 
fixed to high by inputting the row address (= refresh 
address) from external circuits. In this cycle, output is 
high-impedance and power dissipation is less than 


Absolute Maximum Ratings 


Item _____ Symbol 
Terminal voltage *! Vr 
Power supply voltage *! Vcc 
Power dissipation Pr 
Operating temperature Topr 
Storage temperature Tstg 


Note: *1. Relative to Vss. 


that of normal read/write cycles because CAS internal 
circuits don’t operate. To distinguish this cycle from 
data transfer cycle, DT/OE should be high at the falling 
edge of RAS. 


CBR Refresh Cycle: CBR refresh cycle is set by 
activating CAS before RAS. In this cycle, refresh 
address need not to be input through external circuits 
because it is input through an internal refresh counter. 
In this cycle, output is in high impedance and power 
dissipation is lowered like in RAS-only refresh cycles 
because CAS circuits don’t operate. 


Hidden Refresh Cycle: Hidden refresh cycle 
performs refresh by reactivating RAS when DT/OE 
and CAS keep low in normal RAM read cycles. 


SAM Refresh 
SAM parts (data register, shift register, selector), 
organized as fully static circuitry, don't require refresh. 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Item Symbol Min 
Supply voltage *! Vcc 4.5 
Input high voltage *! Vin 2.4 
Input low voltage *? Vi -0.5"? 


Notes: *1. All voltages referenced to Vss. 
*2. —3.0 V for pulse width < 10 ns. 


: Rating Unit 
—1.0 to +7.0 V 
—0.5 to +7.0 V 
1.0 W 
0 to +70 °C 
—55 to +125 “Cc 
Typ Max Unit 
5.0 5.5 V 
— 6.5 V 
— 0.8 V 
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DC Characteristics (Ta = 0 to +70°C, Vcc=5 V+ 10%, Vss =0 V) 
HM538123 HM538123  HM538123 





Test Conditions 
Item Symbol -10 -12 -15 Unit 
Min Max Min Max Min Max RAM port SAM port 
Operating Icci _ 70 — 60 — 50 mA RAS,CAS  SC=Vn, SE= Vm 
current cycling ere eee eet eee 
Icc7 — 120 — 100 — 80 mA trc=Min  SE= Vn, SC cycling 
tscc = Min 
Standby current Icc2 — 7 = 7 a, 1g mA RAS,CAS  SC=Vu, SE= Vm 
= Vin 
Ices — 50 — 40 — 30 mA SE = Vu, SC cycling 
tscc = Min 
RAS-only Ices ions 60 — 50 — 40 mA RAScycling SC =Vun, SE= Vm 
refresh current CAS = Vin 
Icco — 110 — 90 — 70 mA trc= Min SE = Vu, SC cycling 
tscc = Min 
Page mode Iccs — 65 — 55 — 4 mA CAS cycling SC=Vun,SE= Vn 
RAS = Vit 
Iccio — 115 — 95 — 7 mA trc= Min SE = Vi, SC cycling 
tscc = Min 
CAS-before- —_Iccs — 60 — 50 — 40 mA _ RaAScycling SC = Vn, SE= Vn 
RAS refresh trc =Min 
current Icci1 = 110 — 90 — 70 mA SE= Vit, SC cycling 
tscc = Min 
Data Iccs — 90 — 90 — 90 mA RAS,CAS' SC=Vn,SE=Vm 
transfer cycling 
current Icci2 — 125 — 125 — 125 mA trc= Min SE = Vu, SC cycling 
tscc = Min 
Input leakage = Iu -10 10 -10 10 -10 10 HA 
current 
Output leakage ILo -10 10 -10 10 -10 10 WA 
current 
Output high Von 24 — 24 — 24 — V Ion = —2 mA 
voltage 
Output low VoL — 04 — 04  — 04 $V Io. = 4.2mA 
voltage 


Capacitance (Ta = 25°C, Vcc=5 V, f = 1 MHz, Bias: Clock, I/O = Vcc, address = Vss) 








Item Symbol Min Typ Max Unit 
Address Cn — — 5 pF 
Clock Cr — — 5 pF 
l/O, SYO Cyo — — 7 pF 
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AC Characteristics (Ta =0 to +70°C, Vec=5 V+ 10%, Vss=0 V ) *"4! 


Test Conditions 


Input rise and fall time : 5 ns 
Output load : See figures 
Input timing reference levels: 0.8V,2.4V 


Output timing reference levels: 0.4V,2.4V 


Output Load (A) Output Load (B) 
roy +5V 
lon=—2mA lon=—2mA 
te rr 
lor =4 2mA lor =4 2mA 


S!/O 


50pF*? 





Note: *1. Including scope & jig. 


Common Parameter 


Item Symbol HM538123-10 HM538123-12 HM538123-15 Unit Note 
Min Max Min Max Min Max 
Random read or write cycle time trc 190 — 220 — 260 — ns 
RAS precharge time tRP 80 — 90 — 100 — ns 
~ RASpulsewidth  =——<‘i‘«:X&XS:~~~~=«C100Sssd10000'—Ss—«éa1200's«s«d100000’—i‘<‘i‘«xS = 10000 ms — ss” 

CAS pulse width tcas 30 10000 35 10000 40 10000 ns 

Row address setup time tASR 0 — 0 — 0 — ns 

Row address hold time tRAH 15 — 15 — 20 — ns 
Column address setup time tasc 0 — 0 — 0 — ns 
Column address hold time tCAH 20 — 20 — 25 — ns 

RAS to CAS delay time tRCD 25 70 25 85 30 110 ns "8 
RAS hold time tRSH 30 — 35 — 40 — ns 

CAS hold time tCsH 100 — 120 — 150 — ns 

CAS to RAS precharge time tcRP 10 — 10 — 10 — ns 
Transition time (rise to fall) tr 3 50 3 50 3 50 ns ke 
Refresh period tREF — 8 — 8 — 8 ms 

DT to RAS setup time irs 0 — 0 — 0 — ns 

DT to RAS hold time DTH 15 _ 15 — 20 — ns 

DSF to RAS setup time tsFS 0 — 0 — 0 — ns 

DSF to RAS hold time tsFH 25 — 25 — 30 — ns 

Data-in to OE delay time tDzo 0 — 0 — 0 — ns 
Data-—in to CAS delay time tzc 0 = 0 = 0 =. “fs 
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Read Cycle (RAM), Page Mode Read Cycle 


HM538123 Series 





Item Symbol HM538123-10 §©HM538123-12 HM538123-15 Unit Note 
Min Max Min Max Min Max 
Access time from RAS tRAC = 100 = 120 = 150 ns %**3 
Access time from CAS tcac — 30 — 35 — 40 ns. *"5 
Access time from OE toac — 30 — 35 — 40 ns ie 
Address access time tAA = 45 — 55 — 70 ns “3%6 
Output buffer turn off delay tOFF1 0 25 0 30 0 40 ns =f 
referenced to CAS 
Output buffer turn off delay tOFF2 0 25 0 30 0 40 ns aid 
referenced to OE 
Read command setup time tRCs 0 — 0 — 0 — ns 
Read command hold time IRCH 0 — 0 — 0 — ns oae 
Read command hold time tRRH 10 — 10 — 10 — ns ae 
referenced to RAS 
RAS to column address tRAD 20 55 20 65 25 80 ns "6 
delay time 
Page mode cycle time (Pc 55 — 65 — 80 — ns 
CAS precharge time tcp 10 _ 15 = 20 — ns 
Access time from CAS precharge __tacp —_ 50 _ 60 = 75 —s ns 
Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 
Item Symbol HM538123-10 =HM538123-12 HM538123-15 Unit Note 


Min Max Min Max Min Max 
Write command setup time twcs 0 = 0 eos 0 = ns “3 


Write command hold time twCcH 25 — 25 — 30 — ns 
Write command pulse width twP 15 — 20 — 25 — ns 
Write command to RAS lead time tRwL 30 — 35 — 40 — ns 
Write command to CAS lead time _ tcw. 30 — 35 — 40 — ns 
Data-in setup time tps 0 — 0 — 0 — ns ies 
Data-in hold time DH 25 —_ 25 — 30 — ns “ag 
WE to RAS setup time tws 0 — 0 — 0 — ns 
WE to RAS hold time tWH 15 — 15 — 20 — ns 
Mask data to RAS setup time tMs 0 — 0 — 0 — ns 
Mask data to RAS hold time tMH 15 — 15 — 20 — ns 
OE hold time referenced to WE _ torn 10 — 15 — 20 — ns 
Page mode cycle time tPc 55 — 65 — 80 — ns 
CAS precharge time tcp 10 — 15 — 20 — ns 
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Read-Modify-Write Cycle 








Item Symbol HMS538123-10 |©HM538123-12 HMS538123-15 Unit Note 
Min Max Min Max Min Max 

Read-modify-write cycle time tRWC 255 — 295 — 350 — ns 
RAS pulse width tRWS 165 10000 195 10000 240 10000 ns 
CAS to WE delay tcwD 65 = 75 — 90 — ns is 
Column address to WE delay taAWD 80 = 95 — 120 — ns = 
OE to data-in delay time toDD 25 —_ 30 — 40 — ns 
Access time from RAS tRAC — 100 — 120 — 150 ns ‘3 
Access time from CAS tcac = 30 ae 35 = 40 ns “395 
Access time from OE toac = 30 = 35 -_ 40 —s ns x 
Address access time tAA — 45 — 55 —_ 70 nS. re 
RAS to column address delay tRAD 20 55 20 65 25 80 ns —- *5"6 
Output buffer turn-off delay toFF2 0 25 0 30 0 40 ns 

referenced to OE 
Read command setup time tRCs 0 — 0 — 0 — ns 
Write command to RAS lead time tw 30 ee 35 — 40 — ns 
Write command to CAS lead time tcwL 30 — 35 — 40 — ns 
Write command pulse width twP 15 — 20 — 25 — ns 
Data-in setup time tps 0 — 0 — 0 — ns ies 
Data-in hold time DH 25 — 25 — 30 — ns iy 
WE to RAS setup time tws 0 -_ 0 = 0 — ns 
WE to RAS hold time tWH 15 = 15 — 20 — ns 
Mask data to RAS setup time tMs 0 — 0 — 0 _—- ns 
Mask data to RAS hold time tMH 15 — 15 — 20 — ns 
OE hold time referenced to WE toEH 10 — 15 — 20 — ns 

Refresh Cycle 
Item Symbol HM538123-10 HM538123-12 |= HM538123-15 Unit Note 
Min Max Min Max Min Max 
CAS setup time tcsR 10 — 10 — 10 —— ns 
(CAS-before-RAS refresh) 
CAS hold time ICHR 200° — 25 — 30 — ns 
(CAS-before-RAS refresh) 
RAS precharge to CAS hold time __trrc 10 — 10 — 10 — ns 
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HM538123 Series 


Transfer Cycle 





Item Symbol HM538123-10 HM538123-12 HM538123-15 Unit Note 
Min Max Min Max Min Max 
WE to RAS setup time tws 0 — 0 — 0 — ns 
WE to RAS hold time tWH 15 as 15 = 20 — _ns 
SE to RAS setup time tes 0 = 0 an 0 — ns 
SE to RAS hold time tEH 15 _ 15 — 20 — ns 
RAS to SC delay time tsRD 25 _ 30 = 35 — ns 
SC to RAS setup time tsRS 30 — 40 — 45 — ns 
RAS to QSF delay time tRQD a 100 = 120 - 150. ns " 
RAS to QSF (high) delay time trax — TBD — TBD - TBD ns 
Serial data input delay time tsID 50 — 60 — 75 — ns 
from RAS 
Serial data input to RAS {SZR — 10 — 10 — 10 ns 
delay time ; 
Serial output buffer turn-off tsRZ 10 50 10 60 10 75 ns ot 
delay from RAS 
RAS to Sout (Low-Z) delay time triz 5 — 10 — 10 — ns 7 
Serial clock cycle time tscc 30 — 40 — 60 — ns 
Access time from SC tSCA — 30 _ 40 - 50 ns 7 
Serial data out hold time tsoH 7 — 7 — 7 — ns ie 
SC pulse width tsc 10 — 10 — 10 — ns 
SC precharge width tscP 10 — 10 — 10 — ns 
Serial data-in setup time tsIs 0 — 0 —— 0 — ns 
Serial data-in hold time tsIH 15 — 20 — 25 — ns 


Serial Read Cycle 





Item Symbol HM538123-10 HM538123-12 | HM538123-15 Unit Note 

Min Max Min Max Min Max 

Serial clock cycle time tscc 30 — 40 — 60 — ns 

Access time from SC tscA — 30 ~— 40 — 50 ns oe 

Access time from SE tSEA — 25 — 30 — 40 ns bis 

Serial data-out hold time tsOH 7 — 7 — 7 — ns ie 

SC pulse width tsc 10 — 10 — 10 — ns 

SC precharge width tscP 10 — 10 — 10 — ns 

Serial output buffer turn-off tSEZ 0 25 0 25 0 30 ns = 

delay from SE 

Last SC to QSF delay time tsQp — TBD — TBD — TBD ns — 
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Serial Write Cycle 
Item Symbol HM538123-10 §=HM538123-12 HMS538123-15 Unit Note 
Min Max Min Max Min Max 
Serial clock cycle time tscc 30 — 40 — 60 — ns 
SC pulse width tsc 10 — 10 — 10 — ns 
SC precharge width tscp 10 — 10 — 10 — ns 
Serial data-in setup time tsis 0 — 0 — 0 — ns 
Serial data-in hold time tsIH 15 — 20 — 25 — ns 
Serial write enable setup time _tsws 0 — 0 — 0 — ns 
Serial wite enable hold time tsWH 30 — 35 — 50 —_ ns 
Serial write disable setup time _tswis 0 — 0 — 0 — ns 
Serial write disable hold time — tswiH 30 — 35 — 50 — ns 
Flash Write Cycle 
Item Symbol HM538123-10 HM538123-12 HM538123-15 Unit Note 
Min Max Min Max Min Max 
Flash write cycle time tRCFW 230 — 265 — 310 — ns 
RAS pulse width tRCSFW 140 — 165 — 200 — ns 
WE to RAS setup time tws 0 — 0 — 0 — ns 
WE to RAS hold time twH 15 — 15 — 20 — ns 
CAS high level hold time tCHHR 20 — 25 — 30 — ns 
referenced to RAS 
Mask data to RAS setup time _tms 0 — 0 — 0 — ns 
Mask data to RAS hold time tMH 15 — 15 — 20 — ns 
Notes: *1. AC measurements assume tr = 5 ns. 

*2. Assume that tRCD S tRCD (max) and tRAD S tRAD (max). 

If tRcD or tRAD is greater than the maximum recommended value shown in this table, tRAC exceeds the value shown. 

*3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

*4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

*5. When tRcb 2 tRCD (max) and tRAD S tRAD (max), access time is specified by tcac. 

*6. When tRCD S tRCD (max) and tRAD 2 tRAD (max), access time is specified by taA. 

*7. tOFF (max) is defined as the time at which the output achieves the open circuit condition (VOH — 200 mV, VoL + 200 mV). 

*8. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Transition times are measured between 
Vi and Vit. 

*9,. When twcs 2 twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) condition. 
When tawD 2 tawD (min) and tcwb 2 tcwD (min), the cycle is a read-modify-wnite cycle; the data of the selected address is 
read out from a data out pin and input data is written into the selected address. In this case, impedance on I/O pins is controlled 
by OE. 

*10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

*11. After power-up, pause for 100 ps or more and execute at least 8 initialization cycles (normal memory cycles or refresh cycles), 
then start operation. 

*12. If either tRCH or tRRH is satisfied, operation is guaranteed. 
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HM538123 Series 


Timing Waveforms 


Read Cycle 






Address “PA Row BKC/Pe column O/T LLL LLL. 
Ta ak 
WE ALLL LLLLLLIY | 2 UML 


[nage =e 
ioe) -——<T valid 
- mbt i= __l. 


52 re 
ly NULL LLL, 







Oo 





m7 


DT/ 


ts 


o« TA WLLL Sanus 





Early Write Cycle 


tac 


a= 
md Row HCD calunn KLE 


we Ap ee I 


tou 


tu 
pn 


i, Dk «1 A Si} 


1/0 High-Z 
(Output) A t 
tots 


woe IA LLL 


tsrs 


DsF WILLLLLLLLLLLLLLLLL LLL Lah he 
: Don’t care. 


Note: *1. When WEis high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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Delayed Write Cycle 


TELL. LLL 
Ode TTL 


de 
(ro Age ILL 


1/0 High-Z 


(Output) iz 
tsrs 


osF A” rT 
(//4 : Don't care. 





Note: *1, When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 





Read-Modify-Write Cycle 


3 
> 
if) 
= cad 
eo 
a 
> 
o 
; 





fe 


=i meee 
© TDs WOT b= WILL 
wo, a el 


1/O | fie ES Vaid 


(Output) 
v= Wit tad Fea 


i 


natvess 7) aes MMM 


tse 


osF a 
(//A : Don't care. 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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Page Mode Read Cycle 


nie te MALLETS fT ei bcs MME 


ve Ha aE <a ZZ 


0 va et fe at 


a Pat 
OT/0E Fe XA WALT. ee ae 


a ee a 





Page Mode Write Cycle (Early Write) 


leo eomstamm 
ce 7 eal V77777 
<a, Te CWI EMT 


High-Z 


_ a PROT 
oe MEV TTT TTL LLL 


‘ Don't care 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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Page Mode Write Cycle (Delayed Write) 


tosu 
. tet 


ress ite = ee lat 5 MMS See WIL LILLLLLL LL 
we es TA ne ” OT VT ZL 


to hs 


ve Tt WON 5 WHI ies W777) OW MLL 


1/0 High-Z 
(Output) — tor a 


ee © 
DT/OE Zh OL//IHHH4@4- 
x DW LLL 


(LL 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 


RAS-Only Refresh Cycle 
15 
cs LY I KLLLLLLLLLLL, 
Address Y, Cron] ULLLLLLLLLLLLLLUMUMMAU“ML<LCM Ad 
poe a 
ih, “mmm 


ne j alt NMLLLILLLLLLLLLLLLULLULLUULX“I”LLzu 


= 2] Ym 
V//4 : Don't care. 
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HM538123 Series 
CAS-Before-RAS Refresh Cycle 


(Input) 


1/0 
(Output) 


DT/OE 





SF MMLMLLLLLLLULLL LLL Lh 
V//\ : Don't care 





Hidden Refresh Cycle 


ES 


hres Bee = ULL ZL 


ve RZ MLL LLL 


a cs 
( more 2 
aeal a 


1/0 
(Input) 


} 
DSF  — 


v//4 : Don't care. 


e 
High-Z 
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HM538123 Series 
Special Read Initialization Cycle (1)"':*? 


f aaa aa | ee 


, fe 


ea 
twa 


//] ps MALL LLL. 


RQH 





tors 


P| VI 


tsc 


— \) \AAXXKXX 7 Vs ‘ isha 
| YYVY 


tsca V7) - Don't care 


oT. "$e" 


Notes: *1. When the previous data transfer cycle is a special read transfer cycle or special read initialization cycle, itis specified as special 
read initialization cycle (1). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 





Special Read Initialization Cycle (2) *'. "2 


tere 
os is 
Address Hv HOLT 
We Fe NTT 


os ZL {TTT 
ovoe MN || VILL TLL LLL, 








S!/0 
(Output) 
tsis 
baa 
(noir) ABs 
npu ee 
ters | ae (LL - Don't care 


KY : Inhibit rising transient 


ose ON TTL, V0 vos car 


Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is specified as special read initialization cycle (2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 


© HITACHI 
490 Hitachi America, Ltd ¢ Hitachi Plaza « 2000 Sierra Point Pkwy ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HM538123 Series 


Special Read Transfer Cycle *!.*? 


weal FE ecmpeceacesn 
address //fRow KY Rasta] LLLLLLLLLLLLLL LLL LLL LLL 
we Yh [en ACZLZLALLI LLL LLLLLLLLILLILILLLLLLLLLL 


1/0 i High-Z 
(Output) 


deat) [TL TTT ITITTITETTTEETETTLLTELITL ITE 
OTT AES TITTLE 
P ray 
I 
a C= === IAN 
| 


S!/0 High-Z 
(Input) 


thetan 
| MIL MMLLLLLLLLLLLLLLLL, © 222+ Bor’ care 





Notes: *1. When QSF is low level at the falling edge of RAS, the special read transfer cycle is not performed. 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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Pseudo Transfer Cycle 


2 
a — ; 
Address ye SAM Start Addres S77 7 YY 
WE erm 


a LMA, 


Ass ses MLLLLLLLLIMLLLLLLLLLILLILLLLLLLLL, 


oes a ae 

tsrs tsi 

oe ee 

ls eee I, ES 70) 
boli eae 


S!/O0 
(Output) 


QSF 





Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 


Write Transfer Cycle 


oe oes y 
M, ‘oc- Shas ae 
‘i EL LELETLELELLLEL LL LELELLLLLLL LLL LLL 
iin LTH LLL 


‘i os 
_ = = 
S10 Krave sm NOTTTTTT TILL 28 5 ZT Ke 8 


SI/0 High-Z 
(Output) 


V77]\: Don’t care 
QSF QYY¥ : Inhibit rising transient 





Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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Serial Read Cycle 


S!/0 


(Output) 


Serial Write Cycle *!."2 


S\/O 
(Input) 





HM538123 Series 





> Don't care 


tsec tswu A som tsws 


=e) ae 


nae CLD (ero) CLTTLTLT LTR Bion} i) 


sis 


(n+1) 


tsin tsis  tsun 


V// : Don’t care 


Notes: *1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address 0 is accessed next to address 255. 
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Serial Read Cycle (Around Address 255 in SAM) 


SI/0 
(Output) 





Note: *1. Address (i)is the SAM start address provided in the previous special read transfer cycle. When special read transfer cycle isn't 
executed (QSF remains in high level), address 0 is accessed next to address 255. 


Color Register Set Cycle (Early Write) 


——— 


A== 
a ye 


we 


| ton 
6, TOTTI NTT 


_. tors torn | 


pvoe 7] ALLLLLLLLLLLLLLLLLLLLLLLL LL. 


tsrs tsru 


or Uf — MLL LLL LLL LLL LLL 


ASR tr 


Address The MYT ALLL hhh, 
VZZ] : Don't care. 





Note: *1. The level of address pin is don't care, but cannot be changed in this period. 
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Color Register Set Cycle (Delayed Write) 


AS 
— 
RAS a 


cre a 
cas / —_— 
WE on DRILL LL. 
Ee 


cmp A SS OO MMILLLMLLLLL LL, 


DT/0E rt ALLL 


| WL 
address 1M MMMM LLL LLL. 
: Don't care 





Note: *1. The level of address pin is don't care, but cannot be changed in this period. 


Flash Write Cycle 


trerw 
i a aa 
tre 


A MMM 


2) 
> 
nm 


SQ 
as 
al 
S86 
N 8 
S 
S 
SN 
S 
N 
S 
S 
S 
SN 
S 


ress. 


= TZ nem 
ma Me Ss MMMM MMMM 


ze 
os MLL LLL 


- Don’t care. 


= 
mi 


= 
™~s 
ra 
m 
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HM534251 Series — Preliminary 


262144-Word x 4-Bit Multiport CMOS Video RAM 


The HM534251 is a 1-Mbit multiport video RAM equipped with a CP-28D 
256-kword x 4-bit dynamic RAM and a 512-word x 4-bit SAM (serial 
access memory). 

Its RAM and SAM operate independently and asynchronously. It 
can transfer data between RAM and SAM and has a write mask 
function. It is suitable for a graphic processing buffer memory. 


@ FEATURES 


¢ Multiport Organization 
Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 


PAM aacrnaris sowe Mediates 256-kword x 4-Bit 
SAM: eaiks cae coher nae te ware eke 512-word x 4-Bit 
e Access Time.............05- RAM: 100/100/120/150ns (max.) 


SAM: 30/40/40/50ns (max.) 
RAM: 190/190/220/260ns (min.) 
SAM: 30/40/40/60ns (min.) 


¢ Low Power 
POUVO sides aah Ve Heed RAM: 385mW (max.) 
SAM: 358mW (max.) 
SANDY. wion Seas ws bees 40mW (max.) 


¢ High Speed Page Mode Capability 
e Mask Write Mode Capability 
¢ Bidirectional Data Transfer Cycle Between RAM and 
SAM Capability 
e Real Time Read Transfer Capability 
¢ 3 Variations of Refresh (8ms/512 Cycles) 
RAS-Only Refresh 
CAS-Before-RAS Refresh 
Hidden Refresh 
e TTL Compatible 


@ ORDERING INFORMATION 


Access Time 


Package 


ne! 
(Bottom View) 






HM534251JP-10 


HM534251JP-11 Beg et Pin Description 
HM534251JP-12 Flasie 50) 
(CP-28D) PiName Eimeuon 


HM534251JP-15 








A0-A8 Address inputs 
HM534251ZP-10 400-mil 28-pin 1/O0-I/03 RAM port data inputs/ 
HM534251ZP-11 : 
Plastic ZIP outputs 
HM534251ZP-12 7P-28 SST; 7 7-7; SERRA SRNODE BP EP a 
HM5342517P-15 (ZP-28) SI/O0- SAM port data inputs/ 
SI/O3 outputs 
RAS Row address strobe 
CAS Column address strobe 
WE Write enable 
DT/OE Data transfer/Output 
enable 
SC Serial clock 
SE SAM port enable 
Vcc Power supply 
This document contains information on anew product. Specifications and information Vss Ground 
contained herein are subject to change without notice. : 
NC No connection 
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Block Diagram 


SAM 


511 
Pointer 
From 
Column Address 
(SAM Start Address) 


Data Register 
Shift Register 


511 0 
Mask 





Pin Function 

RAS (input pin): RAS is a basic RAM signal. Itis active of RAS. The input level of those signals determine the 
in low level and standby in high level. Row address and operation cycle of the HM534251. 

signals as shown in table 1 are input at the falling edge 


Table 1. Operation Cycles of the HM534251 
Input level at the falling edge of RAS 


<= —— = Operation Cycle 
CAS DT/OE WE SE 
H H H x RAM read/write 
H H L x Mask write 
H L H x Read transfer 
H L L H Pseudo transfer 
H L L L Write transfer 
L x x x CBR refresh 


Note: x; Don’t care. 


CAS (input pin): Column address is put into chip at the WE (input pin): WE pin has two functions at the falling 
falling edge of CAS. CAS controls output impedanceof edge of RAS and after. When WE is low at the falling 
1/0 in RAM. edge of RAS, the HM534251 turns to mask write mode. 

According to the I/O level at the time, write on each I/O 
AO-A8 (input pins): Row address is detetmined by — canbe masked. (WE level at the falling edge of RAS is 
AO-A8 level at the falling edge of RAS. Column address don’t care in read cycle.) When WE is high at the falling 
is determined by AO—A8 level at the falling edge of edge of RAS, a normal write cycle is executed. After 
CAS. In transfer cycles, row address is the address on that, WE switches read/write cycles as in a standard 
the word line which transfers data with SAM data DRAM. In a transfer cycle, the direction of transfer is 
register, andcolumn address is the SAMstartaddress determined by WE level at the falling edge of RAS. 
after transfer. When WE is low, data is transferred from SAM to RAM 

(data is written into RAM), and when WE is high, data 
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is transferred from RAM to SAM (data is read from 
RAM). 


/O0-1/O3 (input/output pins): I/O pins function as 
mask data at the falling edge of RAS (in mask write 
mode). Data is written only on high I/O pins. Data on 
low I/O pins are masked and internal data are retained. 
After that, they function as input/output pins as those 
of a standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data 
transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When DT is low at the 
falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM 
and SAM operate independently. 


SC (input pin): SC is abasic SAM clock. Ina serial read 
cycle, data is output from an SI/O pin synchronously 
with the rising edge of SC. In a serial write cycle, data 
on an SI/O pin at the rising edge of SC is put into the 
SAM data register. 


‘SE (input pin): SE pin activates SAM. When SE is high, 

SI/O is in the high impedance state in serial read cycle 
and data on SI/O is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 
serial write because internal pointer is incremented at 
the rising edge of SC. 


$1I/O00-SI/O3 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by 
the previous transfer cycle. When it was a read transfer 
cycle, SI/O outputs data. When it was a pseudo 
transfer cycle or write transfer cycle, SI/O inputs data. 


Operation of HM534251 


Operation of RAM Port 
RAM Read Cycle 
(DT/OE high, CAS high, at the falling edge of RAS) 


Row address is entered at the RAS falling edge and 
column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/ 
OE is low while CAS is low, the selected address data 
is output through I/O pin. At the falling edge of RAS, 
DT/OE and CAS become high to distinguish RAM read 
cycle from transfer cycle and CBR refresh cycle. 
Address access time (taa) and BAS to column address 
delay time (tRAD) specifications are added to enable 
high-speed page mode. 


RAM Write Cycle 
(Early Write, Delayed Write, Read-Modify-Write) 
(DT/OE high, CAS high at the falling edge of RAS) 


¢« Normal Mode Write Cycle 
(WE high at the falling edge of RAS) 


When CAS and WE are set low after RAS is set low, 
a write cycle is executed and I/O data is written at the 
selected addresses. When all 4 I/Os are written, WE 
should be high at the falling edge of RAS to distinguish 
normal mode from mask write mode. 


lf WE is set low before the CAS falling edge, this 
cycle becomes an early write cycle and I/O becomes 
high impedance. Data is entered at the CAS falling 
edge. 


if WE is set low after the CAS falling edge, this cycle 
becomes a delayed write cycle. Datais input at the WE 
falling edge. I/O does not become high impedance in 
this cycle, so data should be entered with OE in high. 


If WE is set low after two (min) and tawo (min) after 
the CAS falling edge, this cycle becomes a read- 
modify-write cycle and enables write after read to 
execute in the same address cycle. In this cycle also, 
to avoid I/O contention, data should be input after 
reading data and setting OE high. 


* Mask Write Mode (WE low at the falling edge of 
RAS) 


If WE is set low at the falling edge of RAS, the cycle 
becomes a mask write mode cycle which writes only to 
selected I/O. Whether or not an I/O is written depends 
on I/O level (mask data) at the falling edge of RAS. 
Then the data is written in high I/O pins and masked in 
low ones and internal data is preserved. This mask 
data is effective during the RAS cycle. So, in high- 
speed page mode cycle, the mask data is preserved 
during the page access. 





High-Speed Page Mode Cycle 
(DT/OE high, CAS high at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data 
of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the 
random read/write cycle and is higherthan the standard 
page mode cycle by 70-80%. This product is based on 
static column mode, therefore, address access time 
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(taa), RAS to column address delay time (trap), and (4) Determine first SAM address to access (SAM start 
access time from CAS precharge (tacp) are added. In one address) after transferring at column address. When 
RAS cycle, 512-word memory cells of the same row = SAMsstart address is not changed, neither CAS nor 
address can be accessed. It is necessary to specify address need to be set because SAM start address 


access frequency within tras max (10 ps). 


Transfer Operation 

The HM534251 provides the read transfer cycle, 
pseudo transfer cycle, and write transfer cycle as data 
transfercycles. These transfer cycles are set by driving 
DT/OE low at the falling edge of RAS. 

They have following functions: 


(1) Transfer data between row address and SAM data 
register (except for pseudo transfer cycle) 


(2) Determine direction of data transfer 
(a) Read transfer cycle: RAM— SAM 
(b) Write transfer cycle: RAM< SAM 


(3) Determine input or output of SAM I/O pin (SI/O) 


Read transfer cycle: SI/O output 
Pseudo transfer cycle, 
write transfer cycle: SI/O input 


can be latched internally. 


Read Transfer Cycle (CAS high, DT/OE low, WE high 
at the falling edge of RAS) 


This cycle becomes read transfer cycle by setting 
‘DT/OE low and WE high at the falling edge of RAS. The 
row address data (512x4 bit) determined by this cycle 
is transferred synchronously at the rising edge of DT/ 
OE. After the rising edge of DT/OE, the new address 
data outputs from SAM start address determined by 
column address. 

This cycle can execute SAM access serially even 
during transfer (real time read transfer). In this case, 
the timing tsop (min) is specified between the last SAM 
access before transfer and DT/OE rising edge, and 
tsoH(min) between the first SAM access and DT/OE 
rising edge (see figure 1). 
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rr rs 


Address 


DT/OE L 


A 





RA 
a a ae 


SAM Data Before Transfer 


ree rae 


SAM Data After Transfer 


Figure 1. Real Time Read Transfer 


If read transfer cycle is executed, SI/O becomes 
output state. When the previous transfer cycle is either 
pseudo transfer cycle or write transfer cycle and SI/O 
is in input state, uncertain data outputs after taLz (min) 
after the RAS falling edge. Before that, input should be 
set high impedance to avoid data contention. 


Pseudo Transfer Cycle (CAS high, DT/OE low, WE 
low, and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching 
SI/O from output state to input state because data in 
RAM isn’t rewritten. This cycle starts when CAS is 
high, DT/OE low, WE low, and SE high, at the falling 
edge of RAS. The output buffer in SI/O becomes high 
impedance within tsrz (max) from the RAS falling 
edge. Data should be input to SI/O later than tsip (min) 
to avoid data contention. SAM access becomes enabled 
after tsap (min) after RAS becomes high. In this cycle, 
SAMaccessis inhibited during RAS low, therefore, SC 
should not be raised. 


Write Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input 
by serial write cycle to RAM. The row address of data 
transferred into RAM is determined by the address at 
the falling edge of RAS. Thecolumn address is specified 
as the first address to serial write after terminating this 
cycle. Also in this cycle, SAM access becomes enabled 
after tsap (min) after RAS becomes high. SAM access is 
inhibited during RAS low. In this period, SC should not 
be raised. 


SAM Port Operation 


Serial Read Cycle 

SAM port is in read mode when the previous data 
transfer cycle is read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output 
from SI/O. If SEis set high S/O becomes highimpedance 
and internal pointer is incremented at the SC rising 
edge. 
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Serial Write Cycle 

If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, SI/O data is programmed into data 
register at the SC rising edge like in the serial read 
cycle. If SE is high, SI/O data isn’t input into data 
resister. Internal pointer is incremented according to 
the SC rising edge, so SE high can mask data for SAM. 


Refresh 


RAM Refresh 

RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is performed 
by accessing all 512 row addresses every 8 ms. There 
are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBR) refresh cycle, and (3) 
Hidden refresh cycle. Besides them, the cycles which 
activate RAS such as read/write cycles or transfer 
cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses 
every 8 ms. 


Absolute Maximum Ratings 





HM534251 Series 


RAS-Only Refresh Cycle: RAS-only refresh cycle is 
performed by activating only RAS cycle with CAS fixed 
to high by inputting the row address (= refresh address) 
from external circuits. In this cycle, output is high- 
impedance and power dissipation is less than that of 
normal read/write cycles because CAS internal circuits 
don’t operate. To distinguish this cycle from datatransfer 
cycle, DT/OE should be high at the falling edge of RAS. 








CBR Refresh Cycle: CBR refresh cycle is set by 
activating CAS before RAS. Inthis cycle, refresh address 
need not to be input through external circuits because 
it is input through an internal refresh counter. In this 
cycle, output is in high impedance and power dissipation 
is lowered like in RAS-only refresh cycles because 
CAS circuits don’t operate. 





Hidden Refresh Cycle: Hidden refresh cycle performs 
refresh by reactivating RAS when DT/OE and CAS 
keep low in normal RAM read cycles. 





SAM Refresh 
SAM parts (data register, shift register, selector), 
organized as fully static circuitry, don’t require refresh. 


Item Symbol Rating . Unit 
Terminal voltage *! VT ~—1.0 to +7.0 V 
Power supply voltage *! Vcc —0.5 to +7.0 V 
Power dissipation Pr 1.0 W 
Operating temperature Topr 0 to +70 © 
Storage temperature Tstg —55 to +125 °C 
Note: *1. Relative to Vss. 
Recommended DC Operating Conditions (Ta = 0 to +70°C) 
Item Symbol Min Typ Max Unit 
Supply voltage *! Vcc 4.5 5.0 5.5 V 
~ Inputhighvoltage"™ sO ae (KA 
Input low voltage *! ViL ~0,5"? _ 0.8 V 


Notes: *1. All voltages referenced to Vss. 
*2. -3.0 V for pulse width < 10 ns. 
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ml DC CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 10%, Vss = OV) 


HM534251-10 | HM534251-11 | HM534251-12 | HM534251-15 


Test Conditions 


RAM Port SAM Port 
Operating RAS, CAS Cycling | SE = Vin» SC = Vit 





3/3/38 /3 
>| >| >] > 
iS) 


Item Symbol Unit | Notes 





J 
2/8 













(ee ee ee ee 

sanity — |_Iec2 SE = Vy SC = Vp pe eee ea 
BROW ico [MSOs (SE= vn C= eee 
Refresh CAS = Viy = = 2 
Page Mode | loca |CAS Crete [SE = Vy SC = Vip eS Rea 

™ SIL ~— : i 
CASBefore- | Iocs_| RAS SE = Vig, SC = Vi ee fe fe | a 
RAS Refresh | ———] RAS Cyeling = = 
care gem Min’ [Ea vy, SCC uce= min | — | of — | | — || — | m ma’ 
bua | teco [mms cms (SE= Vw SC = Vy P= [os [= [os [= Po [= Ts Tne 
Transfer Cc i" to~ = Min las 2 
Current yeling tac = Min | SE = Vy, SC Cycling too = Min. | — | 35 | — {| ws | — | 25 | — | us 
Input 
Leakage Iu pA 
Current 
Output 
Leakage lo pA 
Current 
Output High = 
Output Low = 
Voltage Vou ais foe} - foe} foe] - foe] vy 


& 


NOTES: 1. Icc depends on output loading condition when the device is selec 
2. Address can be changed less than three times while RAS = Viv. 
3. Address can be changed once or less while CAS = Vix. 


. Icc max. is specified at the output open condition. 


Capacitance (Ta = 25°C, Vcc=5 V, f = 1MHz, Bias: Clock, I/O = Vcc, address = VSS) 


Item Symbol Min Typ Max Unit 
Address Cn — — 5 pF 
Clock Cr — — 5 pF 
/O, S/O Cyo — — 7 pF 
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AC Characteristics (Ta=0 to 70°C, Vcc = 5 V+ 10%, Vss=0 V) *h*!} 


Test Conditions 


Input rise and fall time: 5 ns 
Output load: See figures 
Input timing reference levels: 0.8V,2.4V 


Output timing reference levels: 0.4V,2.4V 


Output Load (A) Output Load (B) 


lon=—2mA lou =—2mA 
i iinet es 


lor =4.2mA lor =4.2mA 


ene 


100pF*? 





Note: *1. Including scope & jig. 


e¢ Common Parameter 


HM534251-10 |} HM534251-11 | HM534251-12 | HM534251-15 ; 
Parameter Symbol - - Unit | Notes 


ee ead tre | 190 | = | 0 22 | 990 260 p= | om | 
rite Cycle Time 

RAS Precharge Time | tw | 80 | — | 0 | — | 9 | — | 00] — | m | 
RAS Pulse Width izas | 100 | 10000 | 100 [70000 120 [10000 | 150 [10000 | ns 
CAS Pulse Width 10000 10000] 40 [10000 | ns _ 
Row Address Setup Time | tase | 0 | — | 0 | — | 0 |— | 0 | — | ms 
Row Address Hold Time | tran | 5 | — | 5 | — | 5 | — | 20 | — | ms 
Column Address Setup Time Hise OO oS 
Column Address Hold Time tcan_ | 20 | — | 20 | — | 20 | — | 25 | — | ns | 
RAS to CAS Delay Time | txcp | 25 | 70 | 25 | 70 | 25 | 8 | 30 | 00 | ms | 56 
RAS Hold Time Cae ee ere 
CAS Hold Time tesu | 100 | — | 0 | — | wo | — | iso | — | mw 
CAS to RAS Precharge Time | tere | 0 | — | 0 |— | 0 |-— | |—| 1 
Transition Time (Rise to Fall) | tr | 3 | 50 | 3 | 50 | 3 | 5o | 3 | 50 | ns | 8 
Refresh Period cee eee eee ee 
DT wRAS seupTime | rs | 0 | —- | 0 |-]0]-)]0)]- |_| 
DTtoRASHold Time | om | 8 | — | 6 |— | 6] — | 20] — | ms 
Data-Ino OE Delay Time | zo | 0 | — | 0 |— | 0 |— | 0 |— | 2s. 
Datain to CAS Delay Time | toe | 0 | — | 0 |— | 0 ]-]0]-— |. _ 
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e Read Cycle (RAM), Page Mode Read Cycle 





Parameter Symbol Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit | Notes 
Access Time FromRAS | tac | — | 00] — | 100 | — | m0] — | 150 | mw [23 
Access Time From CAS tcac | — | 30 | — | 30 | — | 35 | — | 40 | os | 3,5 
Access Time FromOE | toac | — | 30 | — | 30 | — | 3s] — | 40 [ms | 3 
Address Access Time | tar | — | 4 | — | 4 | — | 55 | — | 0 | as [3,6 
tlbenetwent "| om | ~ | 8 | ~ [2 | - | | - | | mf 
ernisar™ [on | [= [fa [—[e [fol «| 
Read Command Setup Time tres | — | o {| — | o | — | o | — | ns | 
Read Command Hold Time | teen | 0 | — | 0 | — | 0] —]0|— || 2 
ecm [me [»[-[e[-[o[-[e[- [ale 
Referenced to RAS RRH 
ee Od dd 
Page Mode GyeleTine | we | 8 | — [ss [— |e {[—|o]— | 
CAS Precharge Time | x» | © |—-|o|—|s{—|2|— [| 
exer [-[e[-[e[-fol- lal 
Precharge ACP 
e Write Cycle (RAM), Page Mode Write Cycle 

ae HM534251-10 | HM534251-11 |HM534251-12 | HM534251-15 ates 

Max. | Min. | Max. | Min. [ Max. | Min. | Max. 

Write Command Setup Time | wes | 0 | — | 0] — | 0 |—-|0|—|m| 9 
Write Command Hold Time | tweu | 25 | — | 25 | — | 25 | — | 30 | — [ms 1 
Write Command Pulse Width | twe | 15 | — | 18 | — | 20) — [25 | — | 1m” 
ser fee [> [= fe [fot fe Te 
Lead Time RWL 
al OC 
Data-In Setup Time Sts oO) Se Oh | Oe 0 ee oe 
Data-In Hold Time | ton {| 25 [| — | 25 | — | 25 | — [ 30 | — [as | w 
WE toRAS Setup Time |_tws | 0 | — | o | — | o | — | o | — [ns | 
WE to RAS Hold Time | twa | i | — | 56 | — | 6 | — | 2 [| — | os | 
Mask Data to RAS Setup Time | tys | 0 | — | 0 | — | o | — | o | — | ns | 
Mask Data toRAS Hold Time | tw | 15 | — | 1 | — | 1 | — | 20 | — [ ns _ 
puperemert [ow[e [= To [Poffo [To 
to WE oo 
Page Mode Cycle Time | we | 55 | — [3s )- |e ]-) a ]— [| 
CAS Precharge Time | tp | 0 | — | 0 | — | 5 | — | 20] — [os 
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HM534251 Series 
e Read-Modify-Write Cycle 





symbot MSS HM534251-11 | HM534251-12 |HM534251-15 | __ 
Parameter Symbol - - - : Unit | Notes 
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. 
Read Modify Write Cycle Time] two | 255 | — | 2551 — | 295 | — | 350] — | as 
RAS Pulse Width 165 165 195 240 |10000| ns | 
CAS 0 WE Delay ic [os |— [os |—|s|— | ]— || 9 
Column Address 1o WE Delay | tqwp | 80 | — | #0 | — | 9 | — | 20] — | os] 9 
GE Datain Delay Time | ton | 25 | — | 25 | — | 30 | — | 4 | — | ns 
Access Time FromRAS | tec | — | 100 | — | 0 | — | 20 | — | 60 | ms [2,3 
Access Time FromCAS | tac | — | 30 | — | 390 | — | 39 | — | 40 | os [3,5 
Access Time FromOE | toac | — | 30 | — | 30] — | 35 | — | 4 | ms | 3 
Address Access Time | tsa | — | 4 | — | 4 | — | 35] — | 70 | ms | 3.6 
RAS to Column Address Delay | teap | 20 | 35 | 20 | 55 | 20 | 65 | 25 | 80 | ms | 5.6 
santeetrtl [ewe [- [= [-[s[-[x[- lo] 
Delay Referenced to OE OFF2 
Read Command Setup Time | tees | 0 | — | 0 |—] 0 |-]0)]— || 
ena Yd dC 
Lead Time RWL 
ese fem [> [= [@ [fs [— fol] = 
Write Command Pulse Width | twe | 1 | — | 5 | — | 20 | — [| 25 | — | os | 
Data-In Setup Time ws |of|-{o,|—-|o]—-|0|—|m| 
Data-In Hold Time tpt S| ee eos oo a | 
WE RAS SempTime | ws | 0 |- [0 ]-]0 ]-]0|—| ms 
WE to RAS Hold Time two | I | — | 6 | — | 6 | — | 20 | — | os | 
Mask Data to RAS Sep Time | tys | 0 | — |] 0 |— | 0 | — | 0 | — | ns_ 
Mask Data to RAS Hold Time | twa | 5 | — | 5 | — | 5 | — | 20 | — | ms 
ae 9 Ce 
to WE OEH 
e Refresh Cycle 
symbot HM534251-10 | HM534251-11 | HM534251-12 | HM534251-15 
Parameter Symbol - - - - Unit | Notes 
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. 

CasbebekAT rene | oe | © | - |» | ~ | | - | | - [we 
Cas bomre RAS etesy | ee | 2 | ~ | 2 | ~ | | - | | - | we 
mae [ee fo [= [ef Te -[e[- [= 
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e Transfer Cycle 


Parameter 


WE to RAS Setup Time 
WE to RAS Hold Time 
SE to RAS Setup Time 
SE to RAS Hold Time 
RAS to SC Delay Time 
SC to RAS Setup Time 
DT Hold Time From RAS 
DT Hold Time From CAS 
Last SC to DT Delay Time 
First SC to DT Hold Time 
DT to RAS Lead Time 


DT Hold Time Referenced 
to RAS High 


DT Precharge Time 


Serial Data Input Delay 
Time from RAS 


Serial Data Input to 
RAS Delay Time 


Serial Output Buffer Turn-Off 
Delay From RAS 


RAS to Soy; (Low-Z) 
Delay Time 


Serial Clock Cycle Time 
Serial Clock Cycle Time 
Access Time From SC 
Serial Data Out Hold Time 
SC Pulse Width 

SC Precharge Width 

Serial Data-In Setup Time 
Serial Data-In Hold Time 


e Serial Read Cycle 


Parameter 


Serial Clock Cycle Time 
Access Time From SC 
Access Time From SE 
Serial Data-Out Hold Time 
SC Pulse Width 

SC Precharge Width 


Serial Output Buffer Turn-Off 
Delay From SE 


506 


Svmbo! HM 53425110 | HM534251-I1 | HM534251-12 es 
ve | Min. [Max [Min [ Max. [ Min. [Max. | Min. [Max. |“ 
oe ee eee 
twa | 5 | — | | — | 5 | — | 20 | — | as 

ae ee Oe ee ee ee ee 

| ter | 5 | — | os | - | os | — | 20 | = | os 
ee eee eee eee 

Se eee eee ee ee ee 

ce ee ee eee ee 

icon | 20 | — | 30 | — | 30] — | | — | os 
ee ee ae eee 
ei ae ie se eee eee 

CS ee 

oom | 2 | - || -|s]- [| -[= 

| tore | 30 | — | 35 | — | 35 | — | 40 | — | os | 

RIES CES RC ear 
@(-f [Pipe 
SECC 

LS Oe Se eee 

Pa ese ee eee 

eee Ae ae ee ee oe ee ee 

Eee i ie ee ee ee ee eee 

Hiro a De a ee 

| tcc | 1 | - | 0 | — | 0 | ~ | 0 | = J os | 

2 ee ae ee ee 

ee ee ee ee ee 

| tom | 5 | — | 20 | — | 2 | — | 5 | = | os | 

Symbol HM534251-10 | HM534251-Il | HM534251-12 [HM534251-15| |. 
ane Max. | Min. | Max. | Min. | Max. [ Min. [ Max. | °” 

ee ee ee Oe ee ee 

Fisca_| — | 30 [—- | |- || — | 50 | me 

oe ee ee ee we ee 

ore Oe 
ee ee ee 
aed ok ee EAA ed 
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Notes 


Notes 


~~ 


HM534251 Series 


¢ Serial Write Cycle 


Parameter Symbo 


Serial Clock Cycle Time 
SC Pulse Width 


Z 
FI 
wo 
B 
bo 
~ 
_— 
S 
= 
Ww 
io) 
tf 
ho 
Wr 
— 
= 
= 
a 
ww 
ff 
1) 
GN 
ey 
ae 
nN 
= 
GN 
oe) 
~ 
NO 
oi) 
pa 
roan 
o 


- Unit | Notes 
Min. 


oa 


symbol Max. | Min. | Max. | Min. | Max. | Min. | Max. 
| tse | 30 | — | 40 | — | 4 | — | 60 | ~ | ns 
ante See eee ee 
SC Precharge Width | tse | © | — | oO | — | o | - | 0 | — | | 
Serial Data-In Setup Time | tgs | 0 | —- | 0 |—-|0]—]0[— || 
Serial Dawn Hold Tine | tm | 8 | — | 20 [| — | 20 — | 25 | — | m 
Serial Write Enable ; 
Setup Time SWS 
Serial Writ Enable Hold Time | toy | 30 | — [38 | — | 35 | — [30 | — | w 
Serial Write Disable t 
Setup Time SWIS 
Serial Write Disable 
Notes: *1. AC measurements assume tt = 5 ns. 
*2. Assume that tRCD < tRCD (max) and tRAD S$ tRAD (max). 
If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC exceeds the value shown. 
*3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
*4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
*5. When tRCD 2 tRcD (max) and tRAD < tRAD (max), access time is specified by tcac. 
*6. When tRCD S tRCD (max) and tRAD 2 tRAD (max), access time is specified by tAA. 
*7. tOFF (max) is defined as the time at which the output achieves the open circuit condition (VOH —2 00 mV, VoL+ 200 mV). 
*8. Vin (min) and VIL (max) are reference levels for measuring timing of input signals. Transition times are measured between 
ViH and VIL. 
*9. When twcs 2 twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. 
When tawD 2 tawD (min) and tcwD 2 tcwD (min), the cycle is a read-modify-write cycle; the data of the selected address 
is read out from a data output pin and input data is written into the selected address. In this case, impedance on I/O pins 
is controlled by OE. 
*10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 
*11. After power-up, pause for 100 ps or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 
*12. If either tRCH or tRRH is satisfied, operation is guaranteed. 
*13.  tscco is defined as the last SAM cycle time before read transfer in read transfer cycle (1). 
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HM534251 Series 


Timing Waveforms 


Read Cycle 
p= 


« Dt mm NOD om KL 


ies 
wep 


feces ; 
(ico MUL PP ee U//; 
“ MM, //, 


“ef |e 
vor 77R NULL UML, 7, von care 





Early Write Cycle 


3 


4 


a 
> 


Jk 


4 


Se MMU 


gi 
ane 
Ui 
qf 


Ny 


Address 


3 


WE ir mei 

Ha Fo 2 MMMM 
1/0 High-Z 

(Output) 


to 


wvee YE RL LL, 
LL. 


: Don’t care. 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 


4 
a 
or 
Ss 
- 
= 
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HM534251 Series 


Delayed Write Cycle 


aaaress /)) = X22 TTT 
"lame Eo 

we 7) sesaan TLL 
al ss mea ond 

bial ae: NALLILILLLLLLLLLL LLL 

sini”) <a vars ata MILL LT 


1/0 High-Z 
(Output) 


a 





V//) * Don't care. 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 





Read-Modify-Write Cycle 






We TAT = TTT) 
fin) //)) oat ae KILLA LLL, 
qd be 


1/0 ae 
fe] (Liaw, 


(Output) 


ald ot a mer WW ALLL. 


V//] : Don't care. 
Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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Page Mode Read Cycle 


aie 
nares Dm Hee XID BE (CHOLLI 


Ae Se 


Sai P yald “1 valid Vali =e 


ieee a Dout = Doin 
tozo Ga’ my, 
tors Tests oac tor to 


PITTZIN KTTIIN a 


///4 . Don't care. 





Page Mode Write Cycle (Early Write) 


ae 
SS MM, UMN, UNE 


; 
| WZZZDN. eV _ Wl 
ie gee 
atfee ‘i Mh em Uh Ce MTT. 


1/0 High-Z 
(Output) 


ave Th {LITE TEETOPOOTEOOT 


: Don’t care. 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534251 Series 


oe, lhe LLL LLLLLL 1. 


Dh KZN WITT, MITTIN VTL 
ste DA WDXEMCLIZDNEN TID NEXIIIIZZIZD 


High-Z | 





MA hl 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the T/O is high at the falling edge of RAS. 


RAS-Only Refresh Cycle 


TIT 
reeves ™M 0m MITT TTT TTT 


fone ay 
(np) CHILE ATT IT IA TILT TT 


ors 
Randioae 


mae TE NTT TTT 


///\ *. Don't care. 
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CAS-Before-RAS Refresh Cycle 


VALI SIDA IIIT TI I IIIT TT 


TIT ID TTD TAIT IA IATA TAD TIT. 
en, LILLIA 


1/0 High-Z 
(Output) 





Hidden Refresh Cycle 


i 


Dim} (LITITZ LI LLT, 


ae 


r ale 
(Output) cre. 
DT/OE 7 A 


High-Z 
re ns ao = 
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Read Transfer Cycle (1)'2 


—_ 
- 

a 

ty) 


RAS 


CHS 


ES ee 


le p= 


ratress (Now HM Thaw WA ///A/ PLL P LLL 
We a x WL TLTTLL LO TTT 


1/0 
(Output) 


- = 
(Input) TITTLE TT OTTO 


soe ft __-X'/ /]// 


s Sa 


(Oxtet a 1) Se CLLIA_sot_ N/K et NL/ 


$!1/0 aa Z 
(Input) 


‘//4 ° Don't care 





Notes: *1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 


Read Transfer Cycle (2)'.2 


Se = 


address} oe ¢ = 000 aden 
We Frwall tow COTTER TTT 
Fa 


1/0 
(Output) 


en 
(met PLELLIPLIIE PIPPI EPIL E PP Ph Pf) 


DT/OE _ 

« Fit 

s/o rt a) 
(output) aa UIT LL LLL LLL LL EM] 
(noe! PE 


: Don't care 
KXN : inhibit rising transient 





Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
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Pseudo Transfer Cycle 


a a a CNITFPETTTHIIILITETE 

——— 

+ a a 
iis ei 


$!1/0 
(Input) 
t 


S/O 
(Output) 


: Don't care 
XX : Inhibit rising transien 


\/O : Don't care 
Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 





Write Transfer Cycle 


er : as 
aoe: 
Jo EOI 
eo 
oF APOIO TTT 


A error 


HAR SOKOIVUIUHON tis 
Sema: ES 
oe MLL LL LLL LL LR “st L/L TK Si 


(Input) 
$!/0 High-Z 
(Output) 


V///\ : Don't care 


: Inhibit rising transient 





Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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Serial Read Cycle 


(Output) 


Serial Write Cycle 


S/O 
(Input) 





: Don't care. 





ores 
Tae hy taco. Tae AS ter] 


r,_ts¢ 1 L,_tsc | 
(n—2) |X ies p(n $1) 


se OT SO EY 


Sis 


tsin tsis  tsin 


///) > Don't care 
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Notes: *1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address 0 is accessed next to address 511. 
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HM534252 Series — Preliminary 


262144-Word x 4-Bit Multiport CMOS Video RAM 


The HM534252 is a 1-Mbit multiport video RAM equipped with a 
256-kword x 4-bit dynamic RAM and a 512-word x 4-bit SAM (serial 
access memory). 

Its RAM and SAM operate independently and asynchronously. It 
can transfer data between RAM and SAM and has a write mask 
function. 

It also provides logic operation mode to simplify its operation. In 
this mode, logic operation between memory data and input data can 
be executed by using internal logic-arithmetic unit. 


Features 

¢ Multiport organization 
Asynchronous and simultaneous operation of RAM and SAM 
capability 
RAM: 256-kword x 4-bit and SAM: 512-word x 4-bit 

¢ Accesstime RAM: 100 ns/100 ns/120 ns/150 ns max 

SAM: 30 ns/40 ns/40 ns/50 ns max 
« Cycletime RAM: 190 ns/190 ns/220 ns/260 ns max 


SAM: 30 ns/40 ns/40 ns/60 ns max 
e Low power 


Active RAM: 385 mW max 
SAM: 358 mW max 
Standby 40 mW max 


¢ High-speed page mode capability 
¢ Logic operation mode capability 
¢ 2types of mask write mode capability 
¢ Bidirectionaldatatransfer cycle between RAM and SAM capability 
¢ Real time read transfer capability 
¢ 3variations of refresh (8 ms/512 cycles) 
RAS-only refresh 
CAS-before-RAS refresh 
Hidden refresh 
¢ TTL compatible 


Ordering Information 


Type No. Access Time Package 
HM534252JP-10 100 ns 400-mil 
HM534252JP-11 100 ns 

HM534252JP-12 120 ns 28-pin 
HM534252JP-15 150 ns Plastic SOJ (CP-28D) 
HM534252ZP-10 100 ns 400-mil 
HM534252ZP-11 100 ns 

HM534252ZP-12 120 ns 28-pin 
HM534252ZP-15 150 ns Plastic ZIP (ZP-28) 


This document contains information on anew product. Specifications and information 
contained herein are subject to change without notice. 
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(Bottom View) 


Pin Description 


Pin Name Function 
A0-A8 Address inputs 


1/O0-I/O3 RAM port data inputs/ 


outputs 


S1/O0 — SAM port data inputs/ 


S1/O3 outputs 


RAS Row address strobe 

CAS Column address strobe 

‘WE Write enable 

DT/OE Data transfer/Output 
enable 

SC Serial clock 

SE SAM port enable 

Vcc Power supply 

Vss Ground 

NC No connection 
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Block Diagram 


Mask 
Register 


Pin Function 

RAS (input pin): RAS is a basic RAM signal. It is 
active in low level and standby in high level. Row 
address and signals as shown in table 1 are input at the 
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From 
Column Address 
(SAM Start Address) 


i 
2 
a 
ao 
@ 
a 
0 
~ 
@ 
Q 


Shift Register 





falling edge of RAS. The input level of those signals 
determine the operation cycle of the HM534252. 


Table 1. Operation Cycles of the HM534252 


Input level at the falling edge of RAS 
DT/OE ‘WE 


ue eration Cycle 
cE Op y 





coe ||) || | 


KX ye yd 
ene foo oni eer on ond be = 


Note: x; Don’t care. 


CAS (input pin): Column address is put into chip at the 
falling edge of CAS. CAS controls output impedance of 
VO in RAM. 


AO-A8 (input pins): Row address is determined by 
AO—A8 level at the falling edge of RAS. Column address 
is determined by AO-A8 level at the falling edge of 
CAS. In transfer cycles, row address is the address on 
the word line which transfers data with SAM data 
register, and column address is the SAM start address 
after transfer. 


x RAM read/write 

x Mask write 

x Read transfer 

H Pseudo transfer 

L Write transfer 

x CBR refresh 

x Logic operation set/reset 


WE (input pin): WE pin has two functions at the falling 
edge of RAS and after. When WE is low at the falling 
edge of RAS, the HM534252 turns to mask write mode. 
According to the I/O level at the time, write on each I/O 
canbe masked. (WE level at the falling edge of RAS is 
don’t care in read cycle.) When WE is high at the falling 
edge of RAS, a normal write cycle is executed. After 
that, WE switches read/write cycles as in a standard 
DRAM. In a transfer cycle, the direction of transfer is 
determined by WE level at the falling edge of RAS. 
When WE is low, data is transferred from SAM to RAM 
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(data is written into RAM), and when WE is high, data 
is transferred from RAM to SAM (data is read from 
RAM). 


VO0-1/O3 (input/output pins): /O pins function as 
mask data at the falling edge of RAS (in mask write 
mode). Data is written only on high I/O pins. Data on 
low I/O pins are masked and internal data are retained. 
After that, they function as input/output pins as those 
of a standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data 
transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When DT is low at the 
falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high atthe falling edge of RAS, RAM 
and SAM operate independently. 


SC (input pin): SC is abasic SAM clock. In aserialread 
cycle, data outputs from an SI/O pin synchronously 
with the rising edge of SC. In a serial write cycle, data 
on an SI/O pin at the rising edge of SC is put into the 
SAM data register. 


SE (input pin): SE pin activates SAM. When SE is high, 
SI/O is in the high impedance state in serial read cycle 
and data on SI/O is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 
serial write because internal pointer is incremented at 
the rising edge of SC. 


$V/O0-SI/O3 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by 
the previous transfer cycle. When it was a read transfer 
cycle, SI/O outputs data. When it was a pseudo 
transfer cycle or write transfer cycle, SI/O inputs data. 


Operation of HM534252 


Operation of RAM Port 
RAM Read Cycle 
(DT/OE high, CAS high, at the falling edge of RAS) 


Row address is entered at the RAS falling edge and 
column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/ 
CE is low while CAS is low, the selected address data 
Outputs through I/O pin. Atthe falling edge of RAS, DT/ 
OE and CAS become high to distinguish RAM read 
cycle from transfer cycle and CBR refresh cycle. 
Address access time (taa) and RAS to column address 
delay time (trad) specifications are added to enable 


high-speed page mode. 


RAM Write Cycle 
(Early Write, Delayed Write, Read-Modify-Write) 
(DT/OE high, CAS high at the falling edge of RAS) 


- Normal Mode Write Cycle 
(WE high at the falling edge of RAS) 


When CAS and WE are set low after RAS is set low, 
a write cycle is executed and I/O data is written at the 
selected addresses. When all 4 I/Os are written, WE 
should be high at the falling edge of RAS to distinguish 
normal mode from mask write mode. 


If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes high 
impedance. Data is entered at the CAS falling edge. 


If WE is set low after the CAS falling edge, this cycle 
becomes a delayed write cycle. Data is input at the WE 
falling edge. I/O does not become high impedance in 
this cycle, so data should be entered with OE in high. 


lf WE is set low after tcwo (min) and tawo (min) after 
the CAS falling edge, this cycle becomes a read-modify- 
write cycle and enables write after read to execute in the 
same address cycle. In this cycle also, to avoid I/O 
contention, data should be input after reading data and 
setting OE high. 


* Mask Write Mode (WE low atthe falling edge of RAS) 


lf WE is set low at the falling edge of RAS, the cycle 
becomes a mask write mode cycle which writes only to 
selected I/O. Whether or not an I/O is written depends on 
/O level (mask data) atthe falling edge of RAS. Thenthe 
data is written in high I/O pins and masked in low ones 
and internal data is preserved. This mask datais effective 
during the RAS cycle. So, in high-speed page mode 
cycle, the mask data is preserved during the page 
access. 


High-Speed Page Mode Cycle 2 
(DT/OE high, CAS high at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data 
of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the random 
read/write cycle and is higher than the standard page 
mode cycle by 70-80%. This product is based on static 
column mode, therefore address access time (taa), RAS 
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to column address delay time (trap), and access time 
from CAS precharge (tacp) are added. In one RAS 
cycle, 512-word memory cells of the same row address 
can be accessed. It is necessary to specify access 
frequency within tras max (10 us). 


Transfer Operation 

The HM534252 provides the transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer 
cycles. These transfer cycles are set by driving DT/OE 
low at the falling edge of RAS. 

They have following functions: 





(1) Transfer data between row address and SAM data 
register (except for pseudo transfer cycle) 


(2) Determine direction of data transfer 
(a) Read transfer cycle. RAM —SAM 
(b) Write transfer cycle: RAM — SAM 


(3) Determine input or output of SAM I/O pin (SI/O) 


HM534252 Series 


(4) Determine first SAM address to access (SAM start 
address) after transferring at column address. When 
SAM start address is not changed, neither CAS nor 
address need to be set because SAM start address 
can be latched internally. 


Read Transfer Cycle (CAS high, DT/OE low, WE high 
at the falling edge of RAS) 


This cycle becomes read transfer cycle by driving 
DT/OE low and WE high at the falling edge of RAS. The 
row address data (512x4 bit) determined by this cycle 
is transferred synchronously at the rising edge of DT/ 
OE. After the rising edge of DT/OE, the new address 
data outputs from SAM start address determined by 
column address. 

This cycle can access SAM serially even during 
transfer (real time read transfer). Inthis case, the timing 
tsop (min) is specified between the last SAM access 
before transfer and DT/OE rising edge, and tspH(min) 
between the first SAM access and DT/OE rising edge 


Read transfer cycle: SI/O output (see figure 1). 
Pseudo transfer cycle, 
write transfer cycle: SI/O input 
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RAS 


CAS 


Address 


DT/OE 


Sc 








1/0 | ae oe ae ee Yi+1 


SAM Data Before Transfer 


SAM Data After Transfer 


Figure 1. Real Time Read Transfer 


If read transfer cycle is executed, SI/O becomes 
output state. When the previous transfer cycle is either 
pseudo transfer cycle or write transfer cycle and SI/O 
is in input state, uncertain data outputs after taLz (min) 
after the RAS falling edge. Before that, input should be 
set high impedance to avoid data contention. 


Pseudo Transfer Cycle (CAS high, DI/OE low, WE 
low, and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching 
SI/O from output state to input state because data in 
RAM isn’t rewritten. This cycle starts when CAS is 
high, DT/OE low, WE low, and SE high, at the falling 
edge of RAS. The output buffer in S/O becomes high 
impedance within tsaz (max) from the RAS falling 
edge. Data should be input to SI/O later than tsip (min) 
to avoid data contention. SAM access becomes enabled 
after tsrp (min) after RAS becomes high. In this cycle, 
SAM access is inhibited during RAS low, therefore, SC 
should not be raised. 


Write Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input 
by serial write cycle to RAM. The row address of data 
transferred into RAM is determined by the address at 
the falling edge of RAS. The column address is specified 
as the first address to serial write after terminating this 
cycle. Also in this cycle, SAM access becomes enabled 
after tsrp (min) after RAS becomes high. SAM access is 
inhibited during RAS low. In this period, SC should not 
be raised. 


SAM Port Operation 


Serial Read Cycle 

SAM port is in read mode when the previous data 
transfer cycle is read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output 
from SVO. If SE is set high SVO becomes high 
impedance and interna! pointer is incremented at the 
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Serial Write Cycle 

If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, SI/O data is programmed into data 
register at the SC rising edge like in the serial read 
cycle. If SE is high, SI/O data isn't input into data 
resister. Internal pointer is incremented according to 
the SC rising edge, so SE highcan mask data for SAM. 


Refresh 


RAM Refresh 

RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is performed 
by accessing all 512 row addresses every 8 ms. There 
are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBR) refresh cycle, and (3) 
Hidden refresh cycle. Besides them, the cycles which 
activate RAS such as read/write cycles or transfer 
cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing allrow addresses 
every 8 ms. 


RAS-Only Refresh Cycle: RAS-only refresh cycle is 
performed by activating only RAS cycle with CAS fixed 
to high by inputting the row address (= refresh address) 
from external circuits. In this cycle, output is high- 
impedance and power dissipation is less than that of 
normal read/write cycles because CAS internal circuits 
don’t operate. To distinguish this cycle from data 
transfer cycle, DT/OE should be high at the falling 
edge of RAS. 


CBR Refresh Cycle: CBR refresh cycle is set by 
activating CAS before RAS. In this cycle, refresh 
address need not to be input through external circuits 
because it is input through an internal refresh counter. 
In this cycle, output is in high impedance and power 
dissipation is lowered like in RAS-only refresh cycles 
because CAS circuits don’t operate. To distinguish this 
cycle from logic operation set/reset cycle, WE should 
be high at the falling edge of RAS. 


Hidden Refresh Cycle: Hidden refresh cycle 
performs refresh by reactivating RAS when DT/OE 
and CAS keep low in normal RAM read cycles. 


SAM Refresh 
SAM parts (data register, shift register, selector), 
organized as fully static circuitry, don’t require refresh. 
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Logic Operation Mode 

The HM534252 supports logic operation capability 
on RAM port. It performs logic operations between the 
memory cell data and input data in logic operation 
mode cycle, and writes the result into the memory cell 
(read modify write). This function realizes high speed 
raster operations and simplifies peripheral circuits for 
raster operations. 


Logic Operation Set/Reset Cycle (CAS and WE Low 
at the falling edge of RAS) 


In logic operation set/reset cycle, the following 
operations are performed at the same time; 1. Selection 
of logic operations and logic operation mode set/reset, 
2. Mask dataprogramming, 3. CAS-before-RAS refresh. 


Figure 2 shows the timing for logic operation set/ 
reset cycle. This cycle starts when CAS and WE are low 
at the falling edge of RAS. In this cycle, logic operation 
codes and mask data are programmed by row address 
and I/O pin at the falling edge of RAS respectively. 
When write cycle is performed after this cycle, the logic 
operation write cycle starts. In the logic operation 
mode, the specification of cycle time is longer than that 
of normal mode because read-modify-write cycle is 
performed internally. In this cycle, logic operation codes 
and mask data programmed are available until 
reprogrammed. In normal mode, mask datais available 
only for one RAS cycle. Here, the mask data 
programmed in normal mode is named as “temporary 
mask data” and the one programmed in logic operation 
set/reset cycle is named as “mask data”. 





(1)Selection of logic operations and logic operation 
mode set/reset 


Table 2 shows the logic operations. One operation 
is selected among sixteen ones by combinations of AO- 
A3 levels at the falling edge of RAS. (A4—A8 are Don't 
care.) Logic operation codes (A3, A2, A1, AO) = (0,1,0,1) 
resets the logic operation mode. When write cycle is 
performed after that, normal write cycle starts. However, 
even inthis case, mask datais still available. I/O should 
be at high level at the falling edge of RAS in logic 
operation set/reset cycle when mask data is not used. 
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(2)Mask data programming masked and the same memory cell data remains. 
Mask data, programmed in this cycle, is available 
High/low level of I/O at the falling edge of RAS until reprogrammed. It is advantageous when the 
functions as mask data. When I/O is high, the data is same mask data continues. 
written in write cycle. When I/O is low, the input data is 


Nf 
Logic Code 





Figure 2. Logic Operation Set/Reset 
Table 2. Logic Code 








Symbol Write Data Note 

A3 A2 Al AO 

0 0 0 0 Zero 0 

0 0 0 1 AND1 Di - Mi 

0 0 1 0 AND2 Di-Mi _ Logic operation mode set 
0 0 1 1 — Mi 

U i U U ANDS Di - Ivai 

0 1 0 1 THROUGH Di Logic operation mode reset 
0 1 1 0 EOR  Di-Mi+Di-Mi 

0 1 1 1 OR1 Di + Mi 

1 0 0 0 NOR Di - Mi 

1 0 0 1 ENOR  Di- Mi+ Di- Mi 

1 0 1 0 INV1 Di Logic operation mode set 
1 0 1 1 OR2 Di + Mi 

1 1 0 0 INV2 Mi 

1 1 0 1 OR3 Di + Mi 

1 1 1 0 NAND Di + Mi 

1 1 1 1 One 1 

Notes: Di; External data-in 
Mi; The data of the memory cell 
© HITACHI 
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Mask data is set. 
/O1, 2: Masked 
Assume that the 
logic is set to 
"AND1” 


Remarks 


THROUGH 


x 


CCM 


“1T"Write “O"'Write 


Masked Masked 


“O"Write Masked Masked 


“1" Write 
AND1 


Temporary mask 
data is set, and 
valid only in this 
cycle. 

/O0, 3: Masked 





Figure 3. 2 Types of Mask Write Function and Logic Operation Function 


Also, temporary mask data is programmed by falling 
WE at the falling edge of RAS in logic operation mode 
cycle after mask data is programmed in logic operation 
set/reset cycle. In this case, temporary mask data is 
available only for one cycle. 


Logic operation is reset during temporary mask 
write cycle. It means that external input data is written 
into I/O when temporary mask data is set. Figure 4 
shows write mask and logicoperations. These functions 


are useful when RAM port is devided into frame buffer 
area and data area, as they save the needto reprogram 
logic operation codes and mask data. 


Write Cycle in Logic Operation Mode 
(Early Write, Delayed Write, Page Mode) 


Write cycle after logic operation set cycle is logic 
operation mode cycle. In this cycle, the following read- 
modify-write operation is performed Internally. 
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(1) Reading memory data in given address into internal (3) Writing the result of (2) into address given by (1) 
bus. 


2) Performing operation between input data and 
memory data 


Execute logic operation set/reset cycle 
Read 1-word source data 









Read 1-word source data 






Read 1-word destination data 


Execute logic operation between source data 
and destination data 





Write the result of operation into the destination 
address 


Write read data into the destination address 


(b) Logic Operation Mode 





(a) Normal Mode 


Figure 4. Sequence of Raster Operation 


Figure 4 shows sequence of rasteroperation.Raster | executed in one write cycle of logic operation mode. It 
operation which needs 3 cycles (destination read, | makesraster operation faster and simplifies peripheral 
operation, destination write) in normal mode can be _ hardware for raster operation. 


Absolute Maximum Ratings 





Item Symbol Rating Unit 
Terminal voltage *! VT —1.0 to +7.0 V 
Power supply voltage *! Vcc —0.5 to +7.0 Vv 
Powe dissipation Pr Lat Ww 
Operating temperature Topr 0 to +70 i & 
Storage temperature Tstg —55 to +125 2C¢ 


Note: *1. Relative to Vss. 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Item Symbol Min Typ Max Unit 
Supply voltage *! Vcc 4.5 5.0 5.5 V 
Input high voltage *! Vin 2.4 — 6.5 V 
Input low voltage *! VIL —0.5°? — 0.8 V 


Notes: *1. All voltages referenced to Vss. 
*2. -3.0 V for pulse width < 10 ns. 
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m@ DC CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 10%, Vsg = OV) 


Test Conditions HM534252-10 | HM534252- 11 |HM534252-12 | HM534252- 15 


Item Symbol 
RAM Port SAM Port Max. | Min | Max Min | Max 


Cc 


nit | Notes 





Page Mode | Icca_| CAS Cycling SC = Vy, SE = Vin 


tao 


Current RAS = Vit 


operating | too SC = Ya SE = Yin Ea ey 
Current SE = Vj, SC Cycling ts¢c¢ = Min 120 120 | 
Standby SC = Viz. SE = Vin ave 1 
RAS-Only SC = Vy, SE = Vin 
Refresh = é 
Current SE = Vj,, SC Cycling ts¢¢ = Min 







Iccio tro = Min. SE = Vit» SC Cycling ts¢¢ = Min 


CAS-Before- 
RAS Refresh 


3) 
=) 


RAS Cycling SC = Vi, SE = Vin 


Current tec = Min SE = Vi» SC Cyching tg¢¢ = Min. 110 | — | 70 | ma | 
pie Cychng tac = Min | $5 = v,,, SC Cycling teo¢ = Min. 135 2s | — | us 
Input 

Leakage Tuy pA 
Current 

Output 

Leakage ILo pA 
Current 

Output High _ 

Voltage vow f tome ft — i fee ee bal 


Output Low 


NOTES: 1. Icc depends on output loading condition when the device is selected. Icc max. is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CAS = Vin. 


Capacitance (Ta = 25°C, Vcc= 5 V, f = 1MHz, Bias: Clock, I/O = Vcc, address = Vss) 














Item Symbol Min Typ Max Unit 
Address Cn — — 5 pF 
Clock Cr — — 5 pF 
1/O, SI/O Cyo — ra 7 pF 
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AC Characteristics (Ta =0 to +70°C, Vcc=5 V+ 10%, VSss=0V) **! 


Test Conditions 
Input rise and fall time: 
Output load: 


5 ns 
See figures 


Input timing reference levels: 0.8V,2.4V 
Output timing reference levels: 0.4 V,2.4V 


Output Load (A) 


+5V 


lou= —2mA 
eR cel 


lor =4.2mA 


1/0 Pe eae 


Note: *1. Including scope & jig. 


¢ Common Parameter 


Parameter 


Random Read or 
Write Cycle Time 


RAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 

Row Address Setup Time 
Row Address Hold Time 
Column Address Setup Time 
Column Address Hold Time 
RAS to CAS Delay Time 
RAS Hold Time 

CAS Hold Time 

CAS to RAS Precharge Time 
Transition Time (Rise to Fall) 
Refresh Period 

DT to RAS Setup Time 

DT to RAS Hold Time 
Data-In to OE Delay Time 
Data-In to CAS Delay Time 





100pF*? 


@H 


$i /O 


ITACHI 


Output Load (B) 
+5V 
lon =—2mA 
i 
lor =4.2mA 


a eR RREEReEnaemeT 


ae 
Wr 00 l 5/5 
© A 


50pF* 


1 





— No 


~— 
A 
am) 


win nN pb 
—— — = 
WGC — 
tiff fal | i { /BE)'|  E 


_—_ 


Unit 


=) 
7) 
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HM534252 Series 


e Read Cycle (RAM), Page Mode Read Cycle 


ona oes 
Parameter Symbol : - - Unit | Notes 
Min. | Max. | Min. | Max. Min. | Max. | Min. | Max. 
Access Time FromRAS | trac | — | 100 | — | 00 | — | 20 | — | 150 | ws [2,3 
Access Time FromCAS | tcac | — | 30 | — | 30 | — | 35 | — | 40 | ms [3.5 
Access Time FromOE | toc | — | 30 | — | 30 | — | 35 | — | 40 | ms | 3 
Address Access Time m [-|s)>—- [4s ]— | 3 | — | 0 | » [36 
smamssas™ [wr [T= [= [= [= [> [= fo [=| 
arenas 7 foe | [= [== [= [> [fo [= 
Read Command Setup Time | ics | 0 | — | 0 | — | 0 |—|0o]|]—|m_ 
Read Command Hold Time | teen |0 | — | 0 | — | 0|]—|0|—|m| 2 
mame [me [-Te[-[»[-[>[-[+[s 
Referenced to RAS RRH 
Sin [w= [= [*|=|@]« [=| [=| 
Page Mode Cycle Time | we | 35 | — | 35 | — | | — | 80 | — | ms 
CAS Precharge Time | tc» | 0 | — | 0 | — | 8 | — | 20] — | ms _ 
mage fe [-[=[-l=[-[el-[s[* 
Precharge ACP 





e Write Cycle (RAM), Page Mode Write Cycle 


Mask Data to RAS Setup Time 
Mask Data to RAS Hold Time |  tyy 


OE Hold Time Referenced t 
to WE aah 


ere Symbol HM534252-10 | HM534252-11 |HM534252-12 | HM534252-15 Unit | Notes 
Min. [Max | Min. [Max | Min. [ax | Min. [ Max. 

Wie Conmnd ap Tine [we | 0] -[o[-to]-[o]-]mls 
Wie Command Hold Tine [wen | 25-[ = [35 [= [2s [= [30 [| as 
Wie Command Pulse Width | twr [S| = [8 [= [20 | =] 2s P| os 
a See 
Lead Time RWL 

Se fel Tiel 
Data-In Setup Time ts | o | —- | o [|- [| o | - | o | — [os] 0 
Data-In Hold Time toa | 25 | — | 25 | — | 25 | — | 30 | — | os | 10 
WE to RAS Setup Time tws | o | — | o | — | o | — | o | — | os | 
WE wRAS Hold Tine [wa | |= [6 [=e >>] = 
po f[-/|]of-[o]-—|o |] — fos) 
|b | -— | 6] - | 5s | — | 20] — | os | 
pe |-|e|-|s|-[~|- |= 
Page Mode Cycle Time tee 99) ee 5 | e265) || 80 | ae 
CAS Precharge Time | tp | wo | — | 0 | — | & | — | 20 | — | os | 
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HM534252 Series 


e Read-Modify-Write Cycle 


en HMS534252-10 | HM534252-I1 | HM534252-12 |HM534252-15| 1) | 
ymbol fin. [Max. | Min. | Max. | Min. [ Max. | Min. | Max. 

Read Modify Write Cycle Time] tawc | 255 | — | 255 | — | 295 | — | 350 | — | ns | 
RAS Pulse Width 10000 | 165 | 10000| 195 | 10000] 240 | 10000| ns | 
CAS w WE Delay fio elLs eb | sl = | o,— )m le 
Column Address to WE Delay | twp | 80 | — | 80 | — | 95 | — | 120 | ons | 9 
Sl oo AN 
Access Time FromRAS | tac | — | 00 | — | 00 | — | 20 | — | 50 | ms [23 
Access Time FromCAS _| tcac | — | 30 | — | 30 | — [| 35 | — | 40 | as | 3,5 
Access Time FromOE | toac | — | 30 | — | 30] — | 35 | — | 40 | m | 3 
Address Access Time tua | — | 45 | — | 45 | — | 55 | — | 70 | os | 3,6 
RAS to Column Address Delay | tpap 55 | 20 | 55 | 20 | 65 | 25 | 80 | ns | 5,6 
srmmeart [we| -[=[-[=[-[x[-[o[~ 
Delay Referenced to OE OFF2 
Read Command Sewp Time | tees | 0 | — | 0 |— | 0 |— | 0 ]—|m 
a ee 
Lead Time RWL 
ser fom [= [=f [fs |= [= 
Write Command Pulse Width twp | 5 | — | 6 | — | 20 | — | 25 | — | os | 
Data-In Setup Time ee eee 10 
Daten Hold Time Pad gsc) ase ie [as 0 | 
WEwRAS Seup Time | ws | 0 |—- | 0 ]—|o)]—|0]— || 
WEwRAS Hold Time | wm | 5 | — | 6 | — | 6 | — | 2 | — | os | 
Mask Data to RAS Seup Time | ws | 0 | — | 0 | — | 0 | — | 0 | — | ms 
Mask Data oRASHold Time | wn | 58 | — | 8 | — | 8 | — | 20 | — | m | 
parent Peete [= ToL Ts [fe 
to WE OEH 


e Refresh Cycle 









Parameter 


ND 
N< 
fi 
ao 
2. 
z|z 
= lun 

Loe) 
5 
GA 
FE 
| es 


CAS Setup Time 


SA TRAN Om 















CAS Hold Time 
(CAS-Before-RAS Refresh) 


RAS Precharge to CAS 
Hold Time 
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e Transfer Cycle 


Parameter 


WE to RAS Setup Time 
WE to RAS Hold Time 
SE to RAS Setup Time 
SE to RAS Hold Time 
RAS to SC Delay Time 
SC to RAS Setup Time 
DT Hold Time From RAS 
DT Hold Time From CAS 
Last SC to DT Delay Time 
First SC to DT Hold Time 
DT to RAS Lead Time 


DT Hold Time Referenced 
to RAS High 


DT Precharge Time 


Serial Data Input Delay 
Time from RAS 


Serial Data Input to 
RAS Delay Time 


Serial Output Buffer Turn-Off 


Delay From RAS 


RAS to Soy (Low-Z) 
Delay Time 


Serial Clock Cycle Time 
Serial Clock Cycle Time 
Access Time From SC 
Serial Data Out Hold Time 
SC Pulse Width 

SC Precharge Width 

Serial Data-In Setup Time 
Serial Data-In Hold Time 


¢ Serial Read Cycle 


Parameter 


Serial Clock Cycle Time 
Access Time From SC 
Access Time From SE 
Serial Data-Out Hold Time 
SC Pulse Width 

SC Precharge Width 


Serial Output Buffer Turn-Off 
Delay From SE 


HM534252 Series 


Symbol LM 534252-10 HM534252-15 | |, 
ane Max. | Min. | Max. | Min. Min. | Max. = 
tws | o | — | o | ~ | o | ~{ o | = | 1s | 

Ee ee eee ee ee ee eee eee 
Big eo Oe | OO ee 

tes | i | — | i | — | 6 | — | 2% | — | os | 

| tsap | 25 | — | 30 | — | 30 | — [35 | — | ns | 

j Mere] 2300 | ve [AOE See 40 eS fn 

en ee eee Ss 

| teow | 20 | — | 30 | — | 30 | — | 45 | — | os | 

Pe et eae ea ese ees 

| tson | 20 | — | 25 | — | 25 | — | 30 | — | ns | 

aE See ee eae 

Eid sah Ae to Ot ack edt Baal ial Rt 

ee eae ee ee eee eee 

nd bak ood oll eo Bad ek Et ed al 
ie Sia eee a ee: 

Mbit 

Smirk 

fs (180) sss) 40] ee AO ee 

ee ee a ee ae ees 
| tsca | — | 30 | — | 40 | — | 40 | — | 50 | ns 

petsort det i) Se S02 ed 27 

cee es eee eee 

| tsce | io | — | 0 | — | 0 | — {| 0 | — | os 
fess |) | 0) sO) 
| ts | 1 | — | 20 | — | 20 | — | 25 | — | os | 

Symbo! (IM 534252710 | HM534252-Il |HM534252-12 [HM534252-15| 
vmbol sain. [ Max. | Min. | Max. | Min. | Max. | Min, : 

| tsec | 30 | — | 40 | — | 40 | — | 6 | = | rs 

| tsca | — | 30 | — | 40 | — [ 40 [| — | 50 | ns 
| tea | — | 25 | — | 30 | — | 30 | — | 40 | ns 
che eS ee eee a ee ee 
ae eae eee ea eee 

Lateef 108 0 | 0 a 

_Soeoe0800) 
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HIS 34252: 56! 10S a a ee 


¢ Serial Write Cycle 


Z 
A 
(oe) 
ap 
we) 
Wn 
Pe 
S 
z 
Nn 
Ww 
aN 
No 
iw 
tN 
a 
z 
io 
Ww 
a 
No 
a 
t 
jek 
nN 
z 
(o,) 
Ww 
BSS 
ho 
GT 
~ 
— 
Gm 


ae Mx vax. | Unt [Nowe 

Seid Gok Gee Time [we wT - [a ]-[o]- [le] —- ps 
SC Pike Wii Tero et 1 ee te 
Sh a ee ee a 
st bainsew Ts Tw fe Tet Po tT to 
Serial Dain Hold Tine [tg [| =| 20 po ps 
ger fete f tet te tet f= 
Setup Time SWS 

Serial Write Enable Wold Tine [oan [30S ps PS | se 
Se tet fete ttf 
Setup Time SWIS 

= Se co en 


e Logic Operation Mode 


p ; eee HM534252-10 | HM534252-11 | HM534252-12 | HM534252-15 Unit | Notes 
arameter mbo ni O 

ymbol in. 
CAS Hold Time (Logic 
Spoon setaertyery | em | % | ~ | 90 | - | | ~ | mo | | 
RAS Pulse Width in 
ne co [| fae [owe 
CAS Pulse Width in 
ee Lc | | [| m fom [| w 
CAS Hold Time in Write Cycle} tpcsy | 140 140 165 200 

y CS 

RAS Hold Time in Write Cycle| tras [60 | — | 60 [| — | 70 | —_ ns 


nN 
Ww 
—) 
Bia : 
i) 
i) 
—) 
~) 
Ww 
i) 
1) 
ON 
WM 


Write Cycle Time 310 
Page Mode Cycle Time 
NOTES: 1. AC measurements assume ty = 5ns. 


2. Assume that tpcp < trcp (max.) and trap S trap (max.). If tpcp or trap is greater than the maximum 
recommended value shown in this table, trac exceeds that value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

. When trcp = trcp (max.) and trap <= trap (max.), access time is specified by tcac. 
. When trcp < trcp (max.) and trap = trap (max.), access time is specified by ta. 


AYA nr Lf W 


. torr (max.) is defined as the time at which the output achieves the open circuit condition (VoH — ZUUMV, VoL + 
200mvV). 


8. Vin (min.) and Vi, (max.) are reference levels for measuring timing of input signals. Transition times are measured 
between Vjy and Viz. 


9. When twcs = twcs (min.), the cycle is an early write cycle, and I/O pins remain in an open circuit (high 
impedance) condition. When tawp = tawp (min.) and tcwp = tcwp (min.), the cycle is a read-modify-write cycle; 
the data of the selected address is read out from a data output pin and input data is written into the selected address. 
In this case, impedance on I/O pins is controlled by OE. 


10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or 
read-modify-write cycles. 


11. After power-up, pause for 100 ys or more and execute at least 8 initialization cycles (normal memory cycles or 
refresh cycles), then start operation. 


12. If either tacy or trru is satisfied, operation is guaranteed. 
13. tscc2 is defined as the last SAM cycle time before read transfer in read transfer cycle (1). 
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HM534252 Series 


Timing Waveforms 


Read Cycle 


RCH 


is 
RN i tesco, ares 


1/0 

(Output) fp 

ling mak —| — CU, 

ovo VA RUD MM. CZ, vont care 


Early Write Cycle 





ms Ny a 


Det WILL 


A So PRL L 


High-Z 


TF TTL 
V//4 . Don't care 


Note: *1. When WEis high level, all the data on I/Os can be wnitten into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534252 Series 


Delayed Write Cycle 


trc 


ne tte 


ae 
Seana 
fee 


) KX Scene TTT TTILTTTLI 
oa Toe a 


a # ae 
we LLL ELL 
, a a cee 


| eg LLL LLLLLLLLLLLLLL 
cmou _ #1 AX vats atin ITLL / LLL 


1/0 High-Z 
(Output ) 


V//4 : Don't care 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 





Read-Modify-Write Cycle 


Address ( OS coum \ 
7 =, i VIMLLLALLLLL LLL LLL, 
« TD YT ah 


(ei emits oe MULE 


pene eS 


( out) toen 
DI/OE 7 omy WILLLLLLLL, 


V/74° Don't care 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534252 Series 
Page Mode Read Cycle 


em tH sees ~ 
adress 1 > MMM CLL HOLILL GT. 


Pajtres soi 


. TTR reg fe iG i We 


, prt 


(Ovtout) Dot, ets 
: TTT . Bo my, 
Vj He os Be 


YZ): Don't care. 





Page Mode Write Cycle (Early Write) 


tre 


demote ee 


tee (ak as Sou a TTT 
see we WLLL. mit ae Wr? 


anit) “ZX_*1_ oi FENCIIN WDE | XZ77. 


" High-Z 
(Output) tors| jtorn 


OMe NGAI 7. 


> Don't care 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534252 Series 


Page Mode Write Cycle (Delayed Write) 


wenn Dm KITT 7 TTT XLT TLL 


" X} a ; (TITY, WITTEN YOTTTTTTEL 
ue, MONE = MCI TZIONE TTT 


High-Z 


1/0 
(Output) tors toen 
DT/OE 


‘A * Don’t care 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 


RAS-Only Refresh Cycle 


4 ii VILLLLLLL 
Address ( Row MTT; e Jiday 


Cina 7 zh — 
(np CHT i 7 


tots 


me TE TTT TTL 


: Don’t care 
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HM534252 Series 


LITA AI LIA III AI IAT. 


TIMID ILIDTT IAS ITA AAT I TIAL 
ia. LLP a a 


High-Z 





1/0 
(Output) 


DT/OE 





Hidden Refresh Cycle 


ross JM om DL comm III LLL LL LLL LLLLLL. 
By ate 


t 
ie T/D 
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HM534252 Series 


Read Transfer Cycle (1) “2 


= tar) 
oe ee a 
s es 
nadress /X Row KM Sates LLL LLL LLL LT 


| a 
WE Teall te MLLLLLLL LLL LLL LLL LLL LLL LL 
hs meine BES 


to) Ll 
eno) LE LLLLLLLLLL LL LLL LL ML LLLLLL LLL LL 


(Output) 


tors 


eA 
ne om 
tsce tsoo tedu 


tson 
coutouty ZX__so_ 77K St XTX St X77 8 77 
one Previous Row j-—— New Row 
$1/0 High-Z 
(Input) 


: Don’t care 





Notes: *1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 





Read Transfer Cycle (2) '? 


A) 


“ ee ae 
; a 


| irae | een 
adress a ee a, 


ve The Tae 


ton 


1/0 


0° 7 
(input) 


sve Y TTT 


sof te OR FS 


ey WITT TTA EMT 


Si/e \ 
(Input) A 


77) * Don't care 


KXX Inhibit rising transient 





Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance.) 
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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HM534252 Series 


Pseudo Transfer Cycle 
trc 
——x, = 


tcre 


yf. ts 


b 

Ae 

a, CLLEL LAL EP EIPEAPIT/ SLI 
i TTTTTHTTTTATTATIPPTETOEAT AAT 


A a ee TT ee ie 


oll sing tra 


i TT * 
M mt 


taal 
PEK 

us - Ht La ee a 
a 





SI/O 
(Output) 


Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 





Write Transfer Cycle 


) Pas, ae MOTT 
we At Sem 
mee TAN WT 
= Al rT 
x ms CAN as 


tsis 


cnow) Gsm] 8 a TN) 


S$i/O Ht aie Zz 
(Output ) 





V/// > Don't care 


: Inhibit rising transient 





Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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HM534252 Series 


Serial Read Cycle 


(Output) 


: Don't care 





Serial Write Cycle 


tscc 


fr, tsc .) 
(n—2) |X 


Sa MTN TTT TTD 


t 
a tsin tsis  tsin 





: Don't care. 


Notes: *1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address 0 is accessed next to address 511. 
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HM534252 Series 


Logic Operation Set/Reset Cycle 





Notes: *1. Logic code AO-A3 
*2. Write mask data 
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HM534252 Series 


Logic Operation Mode Timing Waveforms 


Early Write Cycle 


twes 


tweu 


we — Uh TTT 
2, = TT 


(ZA * Don't care. 





Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 


Delayed Write Cycle 


We D ca i cI Sym 


DY/oE ih ingen ear 
for) eee 16 ee (PRETO 


(Oe ig-Z LK + Don't care. 


(Output) 


Note: *1. When WEis high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 
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HM534252 Series 


Page Mode Write Cycle (Delayed Write) 


RC 
trosn FP FRSH 
c crs CFS s 


RCO 
————| 
Hl 





CAS tasr 


feel — PR 
wo J) matinee Cm 
7 onlin =I 


1/0 eee ia 


toa) ane “ EIS TTL 
™ 


ovvoe |] KILEHTLT 


/// 4° Don't care. 


Note: 1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 


Page Mode Write Cycle (Early Write) 


= cat : L__ ae = 
weve Tf Foor TTI = pol TTI 


ey ce TRAE VITT 
ete e nl = 


: Don't care. 





Note: 1. When WEis high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not written 
except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series — Preliminary 


262144-Word x 4-Bit Multiport CMOS Video RAM Pin Arrangement 
The HM534253 is a 1-Mbit multiport video RAM equipped with a HIM 34 2938 Series 
256-kword x 4-bit dynamic RAM and a 512-word x 4-bit SAM (serial 
access memory). Its RAM and SAM operate independently and 
asynchronously. It can transfer data between RAM and SAM and 
has awrite mask function. In addition, it has two new functions. Flash 
write clears the data of one row in one cycle in RAM. Special read 
transfer internally detects that the last address in SAM is read and 
transfers the next data of one row automatically from RAM if a 
transfer cycle has previously been executed. These functions make 
it easier to use the HM534253. 


Features 
¢ Multiport organization 
Asynchronous and simultaneous operation of RAM and SAM 
capability 
RAM: 256-kword x 4-bit and SAM: 512-word x 4-bit 
¢ Access time RAM: 100 ns/120 ns/150 ns max 
SAM: 30 ns/ 40 ns/ 50 ns max 
¢ Cycle time RAM: 190 ns/220 ns/260 ns min 
SAM: 30 ns/ 40 ns/ 60 ns min 
e Low power 


Active RAM: 385 mW max 
SAM: 275 mW max 
Standby 40 mW max 


¢ High-speed page mode capability 

¢ Mask write mode capability 

¢ Bidirectional datatransfer cycle between RAM and SAM capability 
¢ Special read transfer cycle capability 

¢ Flash write cycle capability 


(Bottom View) 





¢ 3 variations of refresh (8 ms/512 cycles) Pin Description 
RAS-only refresh Pin Name econ 
CAS-before-RAS refresh 


A0-A8 Address inputs 
I/O0-I/O3_ RAM port data inputs/ 
outputs 
S1I/O0- SAM port data inputs/ 
SI/O3 outputs 


Hidden refresh 
¢ TTL compatible 


Ordering Information 
Type No. Access Time Package 


~~ HM534253)P-10..  100ns.~*400-m = pas Row addrece ctrnhe 
- 1 l ns -mil La A ee ee 
S C dd b 
HM534253JP-12 120 ns 28-pin oi ass Strate 
HM534253JP-15 150 ns Plastic SOJ (CP-28D) DIVOE Data transfer/Outout 
HM534253ZP-10 100 ns 400-mil a 
HM534253ZP-12 120 ns 28-pin SC Serial clock 
HM534253ZP-15 150 ns Plastic ZIP (ZP—28) SE. SAMportenable 
DSF Special function input 
flag 
QSF Data register empty 
flag 
Vcc Power supply 
This document contains information on anew product. Specifications and information us enue - 
contained herein are subject to change without notice. NC No connection - 
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HM534253 Series 
Block Diagram 


SAM 


511 
Pointer 
a. a 
” 
From 
: Column Address 

(SAM Start 

1 0 [| : 


Shift Register 


r-) 
tee 
~ 
c 
oO 
O 
@o 
= 
bee 
= 
<= 
“” 
8 
Fe 


51 
DR : Data Register 


4 





Pin Function 

RAS (input pin): RAS is a basic RAM signal. Itis active of RAS. The input level of those signals determine the 
in low level and standby in high level. Row address and operation cycle of the HM534253. 

signals as shown in table 1 are input at the falling edge 


Table 1. Operation Cycles of the HM534253 


Input level at the falling edge of RAS 


nae = Operation Cycl 
S DTOE WE SE iecadiis cae 


oO 
nn 
TI 


RAM read/write 

Color register set 

Mask write 

Flash write 

Special read initialization 
Special read transfer 
Pseudo transfer 

Write transfer 

CBR Refresh 


‘onl Lond Eel eee onne=ate 2a ne 


CA 
H 
H 
H 
H 
H 
H 
H 
H 
L 


Me es le to ee 
KX }OMoK IK IK IK IKI x 
Xi XX ry mir ee 


x 
Note: x: Don’t care. 


CAS (input pin): Column address is put into chip at the 
falling edge of CAS. CAS controls output impedance of 
/O in RAM. 


word line which transfers data with SAM data register, 
and column address is the SAM start address after 
transfer. 


A0—A8 (input pins): Row address is determined by AO- 
A8 level at the falling edge of RAS. Column address is 
determined by AO—A8 level at the falling edge of CAS. 
In transfer cycles, row address is the address on the 


WE (input pin): WE pin has two functions at the falling 
edge of RAS and after. When WE is low at the falling 
edge of RAS, the HM534253 turns to mask write mode. 
According to the I/O level at the time, write on each I/O 
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can be masked. (WE level at the falling edge of RAS 
is don’t care in read cycle.) When WE is high at the 
falling edge of RAS, a normal write cycle is executed. 
After that, WE switches read/write cycles as in a 
standard DRAM. In a transfer cycle, the direction of 
transfer is determined by WE level at the falling edge 
of RAS. When WE is low, data is transferred from SAM 
to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is 
read from RAM). 


V/O0-1/O3 (input/output pins): I/O pins function as 
mask data atthe falling edge of RAS (in mask write and 
flash write mode). Data is written only on high /O pins. 
Data on low I/O pins are masked and internal data are 
retained. After that, they function as input/output pins 
as those of a standard DRAM. 


DT/OE (input pin): DT/OE pin functions as DT (data 
transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When DT is low at the 
falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM 
and SAM operate independently. 


SC (input pin): SC is abasic SAM clock. Ina serial read 
cycle, data is output from an SI/O pin synchronously 
with the rising edge of SC. In a serial write cycle, data 
on an SI/O pin at the rising edge of SC is put into the 
SAM data register. 


‘SE (input pin): SE pin activates SAM. When SE is high, 

SI/O is in the high impedance state in serial read cycle 
and data on SI/O is not put into the SAM data register 
in serial write cycle. SE can be used as a mask for 
serial write because internal pointer is incremented at 
the rising edge of SC. 


$1I/O00-SI/O3 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input/output is determined by 
the previous transfer cycle. When it was a special read 
transfer cycle or special read initialization cycle, S/O 
outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SI/O inputs data. 


DSF (input pin): DSF is a special data input flag pin. It 
is setto high when new functions such as color register 
set, special read transfer, and flash write, are used. 


QSF (output pin): The HM534253 has a double buffer 
organization which includes two SAM data registers to 
relax the restriction on timings of DT/OE and SC in real 


time transfer cycle. QSF flag turns high when output 
from one of SAM data registers finished (data register 
empty flag). If the condition is detected and special 
read transfer cycle is executed, data is transferred to 
the empty register. SC (serial clock) and data transfer 
cycle can be set asynchronously because detection of 
the last address in SAM and change of data register 
are executed automatically in the chip. It makes the 
system design flexible. 


Operation of HM534253 
Operation of RAM Port 


RAM Read Cycle (DT/OE high, CAS high, DSF low at 
the falling edge of RAS) 


Row address is entered at the RAS falling edge and 
column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/ 
OE is low while CAS is low, the selected address data 
is output through I/O pin. At the falling edge of RAS, 
DT/OE and CAS become high to distinguish RAM read 
cycle from transfer cycle and CBR refresh cycle. 
Address access time (taa) and RAS to column address 
delay time (trad) specifications are added to enable 
high-speed page mode. 


RAM Write Cycle 

(Early Write, Delayed Write, Read Modify Write) 

(DT/OE high, CAS high, DSF low at the falling edge of 

RAS) 

- Normal Mode Write Cycle (WE high at the falling 
edge of RAS) 


When CAS and WE are set low after driving RAS 
low, a write cycle is executed and I/O data is written in 
the selected addresses. When all 4 I/Os are written, 
WE should be high at the falling edge of RAS to 
distinguish normal mode from mask write mode. 


lf WE is set low before the CAS falling edge, this 
cycle becomes an early write cycle and I/O becomes 
high impedance. Data is entered at the CAS falling 
edge. 


lf WE is set low after the CAS falling edge, this cycle 
becomes a delayed write cycle. Data is input at the WE 
falling. VO does not become high impedance in this 
cycle, so data should be entered with OE in high. 
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lf WE is set low after tewo (min) and tawo (min) after 
the CAS falling edge, this cycle becomes aread modify 
write cycle and enables read/write to execute in the 
same address cycle. In this cycle also, to avoid I/O 
contention, data should be input after reading data and 
driving OE high. 


* Mask Write Mode (WE low at the falling edge of 
RAS) 


If WE is set low at the falling edge of RAS, the cycle 
becomes a mask write mode cycle which writes only to 
selected I/O. Whether or not an I/O is written depends 
on VO level (mask data) at the falling edge of RAS. 
Then the data is written in high /O pins and masked in 
low ones and internal data is preserved. This mask 
data is effective during the RAS cycle. So, in high- 
speed page mode cycle, the mask data is preserved 
during the page access. 





High-Speed Page Mode Cycle (DT/OE high, CAS 
high, DSF low at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data 
of the same row address at high speed by toggling 
CAS while RAS is low. Its cycle time is one third of the 
random read/write cycle and is higher than the standard 
page mode cycle by 70-80 %. This product is based on 
static column mode, therefore, address access time 
(taa), RAS to column address delay time (trap), and 
access time from CAS precharge (tacp) are added. In 
one RAS cycle, 512-word memory cells of the same 
row address can be accessed. It is necessary to 
specify access frequency within tras max (10 Us). 


HM534253 Series 


Flash Write Function (See figure 1) 


¢ Color Register Set Cycle (CAS-DT/OE-WE high, 
DSF high at the falling edge of RAS) 


In color register set cycle, color data is set to the 
internal color register used in flash write cycle. 4 bits of 
internal color register are provided at each I/O. This 
register is composed of static circuits, so once it is set, 
it preserves the data until reset. The data set is just as 
same as in the usual write cycle except that DSF is set 
high at the falling edge of RAS, and early write and 
delayed write cycle can be executed. In this cycle, 
memory array access is not executed, so it is 
unnecessary to give row and column addresses. 


- Flash Write Cycle (CAS-DT/OE high, WE low, DSF 
high at the falling edge of RAS) 


In a flash write cycle, a row of data (512 x 4 bit) is 
cleared to 0 or 1 at each I/O according to the data of 
color register mentioned before. It is also possible to 
mask I/O in this cycle. When CAS:‘DT/OE is set high, 
WE is low, and DSF is high at the falling edge of RAS, 
this cycle starts. Then, the row address to clear is given 
to row address and mask datais to I/O. Mask data is as 
same as that of a RAM write cycle. High I/O is cleared, 
low I/O is not cleared and the internal data is preserved. 
Cycle time is the same as those of RAM read/write 
cycles, so all bits can be cleared in 1/512 of the usual 
cycle time. 
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Figure 1. Use of Flash Write 
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Transfer Operation 

The HM534253 provides the special read 
initialization cycle, special read transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer 
cycles. These transfer cycles are set by driving DT/OE 
low at the falling edge of RAS. They have following 
functions: 


(1) Transfer data between row address and SAM data 
register (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 
(a) Special read initialization cycle, 

Special read transfer cycle: RAM — SAM 

(b) Write transfer cycle: RAM <— SAM 

(3) Determine input or output of SAM I/O pin (SI/O) 
Special read initialization cycle: SI/O output 
Pseudo transfer cycle, write transfer cycle: 

SI/O input 

(4) Determine first SAM address to access (SAM start 
address) after transferring at column address. When 
SAM start address is not changed, neither CAS nor 
address need to be set because SAM start address 
can be latched internally. 


Special Read Initialization Cycle (CAS high, DT/OE 
low, WE high, DSF low at the falling edge of RAS) 


If CAS is high, DT/OE is low, WE high, and DSF low 
at the falling edge of RAS, this cycle becomes a special 
read initialization cycle. Special read initialization is 
used (1) to start special read transfer operation and (2) 
to switch SAM input/output pin (SI/O), set in input state 
by pseudo transfer cycle or write transfer cycle, to 
output state. 


Memory 
Array 


DR : Data Register 


HM534253 Series 


If the clock is set as mentioned before, address of 
SAM transfer word line is set to row address and first 
SAM address to access (SAM start address) tocolumn 
address, it becomes possible to execute SAM read 
after tsRp (min) after RAS is high. In this cycle, S/O 
outputs uncertain data after the RAS falling edge. So 
when SAM is in input state before executing this cycle, 
it is necessary to stop input before the RAS falling 
edge. 


SAM access is inhibited while RAS is low in this 
cycle. SC should not be raised during RAS low. 


Special Read Transfer Cycle (CAS high, DT/OE low, 
‘WE high, DSF high at the falling edge of RAS) 


Ordinary multiport video RAM has some problems; 
(1) severe limitation on timings between processor 
clock DT/OE and CRT clock SC, (2) complicated 
external control circuit to detect SAM last address 
externally and to insert transfer cycle synchronously. 
Special read transfer cycle makes it possible to relax 
the timing limitations and to set serial clock (SC) and 
transfer cycle perfectly synchronously. 


Figure 2 shows the block diagram for a special read 
transfer. SAM double buffers are composed of two 
data registers (DR). When data is read out from DRO 
serially, special read transfer cycle transfers a row of 
RAM data, which will be read from SAM next, to DR1. 


The endof data read from DRO is detected internally 
and data register switching circuit automatically 
switches to DR1 output. So data can be output 
continuously. 


h 
o 
os 
2 
1) 
o 
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Detect SAM 
Last Address 


Sout(DRO) 





Figure 2. Block Diagram for Special Read Transfer 
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Figure 3 shows special read transfer operation 
sequence. QSF flag indicates that reading out from 
data resister has finished (data register empty flag), 
and special read transfer can be executed while QSF 
is high. Atfirst, special read operation starts by executing 
an special read initialization cycle. So QSF becomes 
high, the processor gives row address and SAM start 
address, which is needed next, to the memory, and 
inserts a special read transfer cycle. Data register 
becomes full after a special read transfer cycle, so 


RAM RAM 
> DRO -~ DRI 


nn pee RAM Read feed read 
nn das Write A wanster feed 
a 


[eo ae 
=i 


ae Read 
/Write 


Y=511 Y=i i+ 


QSF becomes low during the cycle. When the last 
SAM address is accessed, QSF becomes high and the 
data register, which outputs from the next SAM address, 
changes, and serial access can be executed. 


By executing these handshakes, serial clock and 
transfer cycle can be executed perfectly asyn- 
chronously, and flexibility of the system design is 
improved. 


RAM 
> DRO 


ser read 
transfer =o 


RAM Read 
/Write 


[qm coe 


Y=511 Y=) j+1 


[\ | AAAS = Ava 


| 


Bed " Output from DRO Output from DR1 


Figure 3. Special Read Transfer Operation Sequence 





Special read transfer cycle is set by making CAS high, 
DT/OE low, WE high, and DSF high at the falling edge 
of RAS (same as for special read initialization cycle 
except DSF). Like in other transfer cycles, the address 
of tha ward lina ta transfer into data register is specified 
by row address and SAM start is specified by column 
address. When the last SAM address data is output, 
the next data is output from the SAM start address 
specified by this RAS cycle. This transfer cycle can be 
executed asynchronously with SAM cycle. However, it 
is necessary to execute SAM access after RAS 
becomes high after SAM start address is specified by 
RAS cycle. (See figure 4.) 


QSF should be high at the falling edge of RAS to 
execute a special read transfer cycle. A cycle whose 
QSF is low is neglected (refresh is executed). When 
the previous transfer cycle is a pseudo transfer or write 


transfer cycle and SI/O is in input state, special read 
transfer cycle cannot be used (neglected). Special 
read initialization cycle is required to switch SI/O to 
output state. 


Pseudo Transfer Cycle (CAS high, DT/OE low, WE 
low, and SE high at the falling edge of RAS) 


Pseudo transfer tycle is available for switching SI/O 
from output state to input state because data in RAM 
isn’t rewritten. This cycle starts when CAS is high, DT/ 
OE low, WE low, and SE high, at the falling edge of 
RAS. The output buffer in SI/O becomes high impedance 
within tsrz (max) from the RAS falling edge. Data 
should be input to SI/O later than tsip (min) to avoid data 
contention. SAM access becomes enabled after tsRD 
(min) after RAS becomes high, like in the special read 


© HITACHI 
548 Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





(Special read 
transfer cycle) 


Address 





HM534253 Series 


Row address Xj data 


Figure 4. The Restriction of Special Read Transfer 


initialization cycle. Inthis cycle, SAM access is inhibited 
during RAS low, therefore, SC should not be raised. 


Write Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data input 
by serial write cycle to RAM. The row address of data 
transferred into RAM is determined by the address at 
the falling edge of RAS. The column address is specified 
as the first address to serial write after terminating this 
cycle. Also inthis cycle, SAM access becomes enabled 
after tsro (min) after RAS becomes high. SAM access 
is inhibited during RAS low. In this period, SC should 
not be raised. 


SAM Port Operation 
Serial Read Cycle 


SAM port is in read mode when the previous data 
transfer cycle is special read initialization cycle or 


special read transfer cycle. Access is synchronized 
with SC rising, and SAM datais output from SI/O.When 
the last address is accessed at the state of QSF low 
(data register is full), it is signaled to external circuits 
that special read transfer is enabled by making QSF 
high. Next, after SAM access, output data register is 
switched, then the row address data given by previous 
special read transfer cycle is output from the SAM start 
address. If special read transfer isn't performed (QSF 
high), the column address 0 of the same row address 
is accessed after the last address is accessed. 


Serial Write Cycle 

If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, SI/O data is programmed into data 
register at the SC rising edge like in the serial read 
cycle. If SE is high, S/O data isn’t input into data 
register. Internal pointer is incremented according to 
the SC rising edge, so SE high can be used to mask 
data for SAM. 


© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 549 





HM534253 Series 


Refresh 


RAM Refresh 

RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is performed 
by accessing all 512 row addresses every 8 ms. There 
are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBR) refresh cycle, and (3) 
Hidden refresh cycle. Besides them, the cycles which 
activate RAS such as read/write cycles or transfer 
cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses 
every 8 ms. 


RAS-Only Refresh Cycle: RAS-only refresh cycle is 
performed by activating only RAS cycle with CAS fixed 
to high by inputting the row address (= refresh address) 
from external circuits. In this cycle, output is high- 
impedance and power dissipation is less than that of 
normal read/write cycles because CAS internal circuits 


Absolute Maximum Ratings 


don’t operate. To distinguish this cycle from data 
transfer cycle, DT/OE should be high at the falling edge 
of RAS. 


CBR Refresh Cycle: CBR refresh cycle is set by 
activating CAS before RAS. In this cycle, refresh 
address need not to be input through external circuits 
because it is input through an internal refresh counter. 
In this cycle, output is in high impedance and power 
dissipation is lowered like in RAS-only refresh cycles 
because CAS circuits don’t operate. 


Hidden Refresh Cycle: Hidden refresh cycle performs 
refresh by reactivating RAS when DT/OE and CAS 
keep low in normal RAM read cycles. 


SAM Refresh 
SAM parts (data register, shift register, selector), 
organized as fully static circuitry, don't require refresh. 


Item Symbol Rating Unit 
Terminal voltage *! Vr —1.0 to +7.0 V 
Power supply voltage *! Vcc -0.5 to +7.0 V 
Power dissipation Pr 1.0 WwW 
Operating temperature Topr 0 to +70 °C 
Storage temperature Tstg ~—55 to +125 °C 

Note: *1. Relative to Vss. 
Recommended DC Operating Conditions (Ta = 0 to +70°C) 

Item Symbol Min Typ Max Unit 
Supply voltage *! Vcc 4.5 5.0 5.5 V 
Input high voltage *! Vin 2.4 — 6.5 V 
Input low voltage *! Vi —0.5*? — 0.8 V 


Notes: *1. All voltages referenced to Vss. 
*2. -3.0 V for pulse width < 10 ns. 
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DC Characteristics (Ta = 0 to +70°C, Vcc= 5 V + 10%, Vss =0 V) 


Item Symbol 
Operating Icc1 
current 

Icc7 
Standby current Icc2 

Iccs 
RAS-only Icc3 
refresh current 

Icco 
Page mode Iccs 
current 

Icci0 
CAS-before- _—_Iccs 
RAS refresh 
current Icci1 
Data Icce 
transfer 
current Icci2 
Input leakage I 
current 
Output leakage Ito 
current 
Output high Von 
voltage 
Output low VoL 
voltage 


HM534253 
-10 
Min Max 
70 


120 


50 


60 


110 


65 


115 


60 


110 


90 


125 


HM534253 
-12 
Min Max 

~ 60 





~- 100 


- 125 


—10 10 


-10 10 


HM534253 
__-15 

Min Max 

50 





80 


30 


40 


70 


45 


75 


40 


70 


90 


125 


10 


—10 10 


Unit 
mA 
mA 


mA 


mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
HA 
LA 
V 


V 


mA 


Test Conditions 

RAM port SAM port 

RAS,CAS SC=Vn,SE=Vm 

cycling 

tkc = Min SE =Vi, SC cycling 
tscc=Min 

RAS,CAS SC = Vu, SE= Vm 

= Vn 
SE = Vu, SC cycling 
tscc = Min 

RAS cycling SC = Vu, SE= Vn 

CAS = Vii 

trc = Min ‘SE = Vu, SC cycling 
tscc = Min 

CAS cycling SC, SE= Vn 

RAS = Vi 

trc = Min ‘SE = Vu, SC cycling 
tscc = Min 

RAS cycling SC = Vu, SE= Vn 

trc = Min 
SE = Vu, SC cycling 
tscc = Min 

RAS,CAS SC = Vu, SE = Vii 

cycling 

trc = Min SE = Vu, SC cycling 
tscc = Min 

Ion = —2 mA 
Jo. = 4.2 mA 
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Capacitance (Ta = 25°C, Vcc=5 V, f =1 MHz, Bias: Clock, I/O = Vcc, address = Vss) 


Item 
Address 
Clock 
l/O, S/O 
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Symbol 
Cn 
Cr 
Cyo 


Min 


Typ 
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Max 


“J | Cn} a 


Unit 
pF 
pF 
pF 
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AC Characteristics (Ta=0 to +70°C, Vec=5 V+ 10%, Vss=0 V)*"¥! 


Test Conditions 


Input rise and fall time: 5 ns 
Output load: See figures 
Input timing reference levels: 0.8V,2.4V 


Output timing reference levels: 0.4V,2.4V 








Output Load (A) Output Load (B) 
+5V +5V 
lon=—2mA lon=—2mA 
lor =4.2mA lor =4.2mA 
si/0 Sees 
Note: *1. Including scope & jig. 
Common Parameter 
Item Symbol HM534253-10 =HM534253-12 HM534253-15 Unit Note 
Min Max Min Max Min Max 
Random read or write cycle time _trc 190 — 220 — 260 — ns 
RAS precharge time tRP 80 — 90 — 100 — ns 
RAS pulse width TRAS 100 10000 120 10000 150 10000 ns 
CAS pulse width {CAS 30 10000 35 10000 40 10000 ns 
Row address setup time tASR 0 — 0 — 0 — ns 
Row address hold time tRAH 15 — 15 — 20 — ns 
Column address setup time tasc 0 — 0 — 0 — ns 
Column address hold time tCAH 20 — 20 — 25 — ns 
RAS to CAS delay time tRCD 25 70 25 85 30 110 ons ‘576 
RAS hold time iRSH 30 — 35 — 40 — ns 
CAS hold time tcsH 100 — 120 — 150 — ns 
CAS to RAS precharge time tcRP 10 — 10 — 10 — ns 
Transition time (rise to fall) tr 3 50 3 50 3 50 ns ne 
Refresh period IREF — 8 — 8 — 8 ms 
DT to RAS setup time tDTS 0 — 0 — 0 — ns 
DT to RAS hold time toTH 15 — 15 — 20 — ns 
DSF to RAS setup time tSFS 0 — 0 — 0 — ns 
DSF to RAS hold time tsFH 25 — 25 — 30 — ns 
Data-in to OE delay time tDzo 0 — 0 — 0 — ns 
Data—in to CAS delay time tDZc 0 — 0 — 0 — ns 
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Read Cycle (RAM), Page Mode Read Cycle 
Item Symbol HM534253-10 §=HM534253-12 HM534253-15 Unit Note 
Min Max Min Max Min Max 
Access time from RAS RAC = 100 ae 120 — 150 ns °2-°3 


Access time from CAS tcac = 30 = 35 —_ 40 ns °%*5 

Access time from OE toac — 30 — 35 — 40 ns = 

Address access time tAA anes 45 = 55 _ 70 ns  °3°6 

Output buffer turn-off delay tOFF1 0 25 0 30 0 40 ns a 
referenced to CAS 

Output buffer turn-off delay toFF2 0 25 0 30 0 40 ns rt 
referenced to OE 

Read command setup time tRCS 0 — 0 — 0 — ns 

Read command hold time tRCH 0 — 0 — 0 — ns tae 

Read command hold time tRRH 10 — 10 — 10 — ns “ae 
referenced to RAS 

RAS to column address tRAD 20 55 20 65 25 80 Tig’ - Genre 
delay time 

Page mode cycle time tpc 55 — 65 — 80 — ns 

CAS precharge time tcp 10 — 15 — 20 — ns 

Access time from CAS precharge __tacp — 50 — 60 — 75 ns 





Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 





Item Symbol HMS534253-10 §=HM534253-12 HMS534253-15 Unit Note 
Min Max Min Max Min Max 
Write command setup time twcs 0 eon 0 — 0 — ns *9 
Write command hold time twcH 25 — 25 — 30 — ns 
Write command pulse width twP 15 — 20 — 25 — ns 
Write command to RAS lead time  trwL 30 — 35 — 40 — ns 
Write command to CAS lead time _tcwL 30 = 35 ame 40 ==. ns 
Data-in setup time tps 0 — 0 — 0 — ns cs 
Data-in hold time (DH 25 a 25 _ 30 — ns = 
WE to RAS setup time tws 0 —< 0 —_ 0 — ns 
WE to RAS hold time twH 15 = 15 = 20 — ns 
Mask data to RAS setup time tMs 0 = 0 _ 0 — ns 
Mask data to RAS hold time {MH 15 = 15 = 20 — ns 
OE hold time referenced to WE tOEH 10 _— 15 — 20 — ns 
Page mode cycle time tPc 55 — 65 — 80 — ns 
CAS precharge time tcp 10 — 15 — 20 — ns 
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Read-Modify-Write Cycle 


Item 


Read-modify-write cycle time 

RAS pulse width 

CAS to WE delay 

Column address to WE delay 

OE to data-in delay time 

Access time from RAS 

Access time from CAS 

Access time from OE 

Address access time 

RAS to column address delay 

Output buffer turn-off delay 
referenced to OE 

Read command setup time 

Write command to RAS lead time 

Write command to CAS lead time 

Write command pulse width 

Data-in setup time 

Data-in hold time 

WE to RAS setup time 

WE to RAS hold time 

Mask data to RAS setup time 

Mask data to RAS hold time 

OE hold time referenced to WE 


Refresh Cycle 


Item 


CAS setup time 
(CAS-before-RAS refresh) 

CAS hold time 
(CAS-before-RAS refresh) 

RAS precharge to CAS hold time 


554 


Symbol 
tcsR 
tCHR 


tRPC 


HM534253-10 

Min Max 
255 — 
165 10000 
65 — 
80 — 
25 — 
— 100 
— 30 
—_ 30 
—_ 45 
20 55 
0 25 


HM534253-10 


Min Max Min 
10 — 10 
20 — 25 
10 — 10 
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HM534253-12 


Min 

295 

195 
75 
95 
30 


HM534253-12 


Max 


10000 


120 
35 
35 
55 
65 
30 


Max 


HM534253-15 Unit 


Min Max 

350 — ns 

240 10000 ns 
90 — ns 

120 —_— ns 
40 — ns 
— 150 ns 
~— 40 ns 
— 40 ns 
— 70 ns 


25 80 ns 
0 40 ns 


0 — ns 
40 — ns 
40 — ns 
25 — ns 

0 — ns 
30 — ns 

0 — ns 
20 — ns 

0 — ns 
20 — ns 
20 — ns 


HM534253-15 Unit 


Min Max 
10 — ns 
30 — ns 
10 — ns 
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Note 


*9 


*2,*3 
#3495 


*3,*6 
*5,*6 


*10 
*10 


Note 


HM534253 Series 


Transfer Cycle 





Item Symbol HM534253-10 HM534253-12 HM534253-15 Unit Note 
Min Max Min Max Min Max 
WE to RAS setup time tws 0 — 0 — 0 — ns 
WE to RAS hold time twH 15 — 15 ~ 20 — ns 
SE to RAS setup time tes 0 — 0 — 0 — ns 
SE to RAS hold time teH 15 — 15 — 20 — ns 
RAS to SC delay time tsRD 25 ~~ 30 — 35 — ns 
SC to RAS setup time tsRS 30 a 40 — 45 — ns 
RAS to QSF delay time tROD = 100 = 120 = 150 ns ise 
RAS to QSF (high) delay time tRQH — TBD — TBD — TBD nos 
Serial data input delay time tsi 50 — 60 — 75 — ns 
from RAS 
Serial data input to RAS tsZR — 10 — 10 — 10 ~—s ns 
delay time 
Serial output buffer turn-off tsRZ 10 50 10 60 10 75 ns 
delay from RAS 
RAS to Sout (Low-Z) delay time —triz 5 = 10 = 10 — ns 
Serial clock cycle time tscc 30 — 40 — 60 — ns 
Access time from SC {sca — 30 — 40 — 50 ns “A 
Serial data out hold time tsoH 7 = 7 — 7 — ns s 
SC pulse width tsc 10 — 10 — 10 — ns 
SC precharge width tscP 10 — 10 — 10 — ns 
Serial data-in setup time tsIs 0 — 0 — 0 — ns 
Serial data-in hold time tsIH 15 — 20 — 25 — ns 


Serial Read Cycle 





Item Symbol HMS534253-10 HM534253-12 |= HM534253-15 Unit Note 

Min Max Min Max Min Max 

Serial clock cycle time tscc 30 — 40 — 60 — ns 

Access time from SC tSCA — 30 — 40 — 50 ns ps 

Access time from SE {SEA — 25 — 30 — 40 ns *4 

Serial data-out hold time tsOH 7 _ 7 — 7 — ns A 

SC pulse width tsc 10 — 10 — 10 — ns 

SC precharge width tscP 10 — 10 #4— 10 — ns 

Serial output buffer turn-off tsEZ 0 25 0 25 0 30 ns a 

delay from SE 

Last SC to QSF delay time tsQp — TBD — TBD — TBD ns - 
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HM534253 Series 


Serial Write Cycle 
Item Symbol HM534253-10 HM534253-12 §=HM534253-15 Unit Note 
Min Max Min Max Min Max 
Serial clock cycle time tscc 30 — 40 — 60 — ns 
SC pulse width tsc 10 — 10 — 10 — ns 
SC precharge width tscP 10 — 10 — 10 — ns 
Serial data-in setup time tsIs 0 — 0 — 0 — ns 
Serial data-in hold time tsIH 15 — 20 — 25 — ns 
Serial write enable setup time tsws 0 — 0 — 0 — ns 
Serial write enable hold time tswH 30 — 35 — 50 — ns 
Serial write disable setup time tswis 0 — 0 — 0 — ns 
Serial write disable hold time tsWIH 30 — 35 — 50 — ns 
Flash Write Cycle 
Item Symbol HM534253-10 | HM534253-12 | HM534253-15 Unit Note 
Min Max Min Max Min Max 
Flash write cycle time tRcFW 230 — 265 — 310 — ns 
RAS pulse width trsrw 140 — 165 — 200 — ns 
WE to RAS setup time tws 0 _ 0 — 0 — ns 
WE to RAS hold time twH 15 — 15 — 20 — ns 
CAS high level hold time tCHHR 20 — 25 — 30 — ns 
referenced to RAS 
Mask data to RAS setup time tMs 0 — 0 — 0 — ns 
Mask data to RAS hold time tMH 15 = 15 — 20 — ns 
Notes: *1. AC measurements assume tj = 5 ns. 


*2. Assume that tRCD < tRCD (max) and tRAD S$ tRAD (max). 

If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC exceeds the value shown. 

*3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

*4, Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 

*5. When tRcD 2 tRCD (max) and tRAD S tRAD (max), access time is specified by tCAc. 

*6. When tRCD S tRCD (max) and tRAD 2 tRAD (max), access time is specified by tAA. 

*7. tOFF (max) is defined as the time at which the output achieves the open circuit condition (VOH-200 mV, VoL+200 mV). 

*8. Vin (min) and VIL (max) are reference levels for measuring timing of input signals. Transition umes are measured between 
Vi and VL. 

*9. When twcs 2 twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) condition. 
When tAwD 2 tawD (min) and tcwb 2 tcwD (min), the cycle is a read-modify-write cycle; the data of the selected address 
is read out from a data out pin and input data is written into the selected address. In this case, impedance on I/O pins is 
controlled by OE. 

*10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read- 
modify-write cycles. 

*11. After power-up, pause for 100 ps ormore and execute at least 8 initialization cycles (normal memory cycles or refresh cycles), 
then start operation. 

*12. If either tRCH or tRRH is satisfied, operation is guaranteed. 
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HM534253 Series 


Timing Waveforms 


Read Cycle 








ct TLL 
ve TTI | = | ZL 


/0 a, 
(Output) < > 


a, WILLD ¥ 
roe 777 ROL HU 


tse 











Fs 


WUT ZZ oon eae 





t 
psF  ///\ 





Early Write Cycle 


treo 


tre 
et rae a ae eaee 
Peet ae 
trasu 
tone 


CAS. <n 
oe cl aaa 
Address xr Row BE Column D/L 


< > 
me Fi A 


pe 


Re ells a 


1/0 High-Z 
(Output) i on 
tots 


STE ZA \\ LLL 


oe 2 | WIZE 
: Don’t care. 


Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 


Delayed Write Cycle 


tase | i | 
wees Dor Pes WILL 
VL 


WE AS 1 eee I 
ae (plaza 


tus 


(nowt) #1 OD vad Data in K/L 


1/0 
(Output) 
t ts 
SFS 


oF Bl” WITTE. 
: Don’t care. 


High-Z 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 


Read-Modify-Write Cycle 


= 
——, 
Address //) E30 


7 Peete tes | = 
WE LDR KL) | es ILL 


0, TK eA EMO 


1/0 Valid 
(Output) tors ; af 
a 


vor ///f ima MLLLLLLLLL, 


tsrs 


toen 


tsen 


oe IN WLLL. 
V//, : Don't care. 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on J/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 


Page Mode Read Cycle 


= Er 
Address coer CCE CLLELLLP LLL 


“te ae — 


(Output) Mee — be ja a 
yin aa toe 
DI/OE ae ie aa 


ETT TT IT TI IT 


: Don’t care. 





DSF 





Page Mode Write Cycle (Early Write) 


tec 
$ 


lar 
ale eer Fe UTD KTIITIIT 
ve Poin ae UI 


n/a rt LLL. TX Em IM om ALLL LL 


1/0 High-Z 
(Output) 
tors 


Dr/ae ci 
VWITTTTTITTTTTTTT 


tsrs 
OSF / 





Note: *1. When WE is high level, all the data on I/Os can be written into the e memory cell. When WE is low level, the data on I/Os a 
not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 


Page Mode Write Cycle (Delayed Write) 


tasn a 

teas 
ae 

i A 


LL et (eae 
som EMI $= NLM 


_ X%i Colum (| Column 
an a a 
7 MELLO 


Pa med Wpaeee (Esiae ja am 
(nou) IN KD ‘Bn RLLMAR SLL BRLLLLLLLLL 


1/0 
(Output) tors| | 


a 
DT/OE /I/IHHH/"4 
oe “WITT LLL 


: Don’t care. 





Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os are 
not written except for the case that the I/O is high at the falling edge of RAS. 


RAS-Only Refresh Cycle 


CLL, 
( er 77 


0 | menial 


(Input) 
tors| [torn 
caren 
./ 


B/E Z| LLL. 


os 7 “WILL 
> Don't care. 
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HM534253 Series 


CAS-Before-RAS Refresh Cycle 


Address 


“WE 
1/0 
(Input) 


1/0 
(Output) 


DT/OE 





6 LLLMLLLLLLLLLLLLLL LLL LL LLL LLL Le 
V7 /) : Don't care. 





Hidden Refresh Cycle 


ee LYLLLLLLLLLLLLL Ls LLL LLL 
WE * OT WWW ff 


OFF) 
oy — ———s 
ton he OFF2 
DT/OE 
Vf ws 1, 
1/0 High-Z 
(Input) Ze 


bse 7A MM 


: Don't care. 
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HM534253 Series 


Special Read Initialization Cycle (1) “'.” 


| 


RAS fgets 
ST CT 


———| 
nf a 
rawess LRP WM ares’ WLLL LLLLLLLLLLLLL 


we Y/ PLL ELL 



























L_ tron 
ed 
QSF 
tors [eS eeeeeeeeeens) 
BI/OE DE WITT OL 
tsc sc 
ceo otenecanunecteen tsrof{{ | 
- | mom 
(out) 


maaan 1 tsca : Don’t care 


ox DEY 


Notes: *1. When the previous data transfer cycle is a special read transfer cycle or special read initialization cycle, itis specified as special 
read initialization cycle (1). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 


Special Read Initialization Cycle (2) ‘2 





trc 
Address A I ties LLLP LALLA LLL LLL 


WE BA ALLL LLL LLL LL LLL LL LLL. 


taser 


ost LULL 
ovoe 7 || W777 LLL LL LLL 


heels t 


ma ry" eye 
SC P) KXXXXXXKXXA 


S!/0 


(Output) HL = VILL MTT. 


tsis 
S06 eft szn 
{valid 
me t ' : Don’t care 
SFs ‘SF Ale 
KX : inhibit rising transient 


oe DL" WILL, 





Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is specified as special read initialization cycle (2). 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM534253 Series 


Special Read Transfer Cycle": ° 


a tasr 
te 
nares Mom XN ietress™  WA//LLALL//LLLLLLLLLLLLL 


We LA Vee RLLLLLLLLLLLLLLL LALLA ALLELE LLLLLLL 
| 


High-Z 


1/0 
(Output) 


| 
(np ALL LLLLLLLLLELELLLLLLELL ALLEL LLL LLL 


ome TN | TTT 
cree 


tsou 


sc 


| 
s/0 Ca TK a= NTN] 


(Output) 
S/O High-Z 
(Input) 


QSF 


rT SFH 
//] ALLELE 
: Don’t care. 





Notes: *1. When QSF is low level at the falling edge of RAS, the special read transfer cycle is not performed. 
*2. SE is in low level. (When SE is high, SI/O becomes high impedance state.) 
*3. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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HM534253 Series 


Pseudo Transfer Cycle 


. 


AS 


ae nae | ENE E 
sides Nelms On 
w NLL 
OT/OE a TLL, 


se Asal sex MAZZI. 
se a RRR eral | 


int) tL ND 


St/0 
(Output) : Don't care 
nae se XY : inhibit rising transient 
QSF 1/0 : Don’t care 





Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 


Write Transfer Cycle 


(aS 


fs i” — TN 


tws|| 


Af EL ELELEEL LLL LLL LELLLLLLLLLLLL 
if UTTHLTELTHAHLLALEL LL 


{mT 
r= ATT 
area ae 
ee vane 80 KOT, 28 50 MT Tata sn 


S1/0 High-Z 
(Output) 


{sis { 


(77/1: Don’t care 
QSF RYV9 : Inhibit rising transient 





Note: *1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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HM534253 Series 


Serial Read Cycle 


/ 
(Output) 


: Don't care 





Serial Write Cycle 


(n—2) 


cing) 80-ANL LIM rio LPP E LEE en a, 


tsin tsis  tsin 


(// : Don’t care 





Notes: *1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address 0 is accessed next to address 511. 
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HM534253 Series 


Serial Read Cycle (Around Address 511 in SAM) 


S1/0 
(Output) 





Note *1. Address (i) is the SAM start address provided in the previous special read transfer cycle. When special read transfer cycle isn't 
executed (QSF remains in high level), address 0 is accessed next to address 511. 


Color Register Set Cycle (Early Write) 


tre 
_ ia mace: 
tere [1 _ treo sna trsn 
oa 7 a 


tes 


Wa 


twe 


tws 


We a A /| 


on 
2, THOTT, MLL 


tors torn 


spe en 


{seu 


oe Ze MMMM 


$R tra 


macress 17K XL MLL. 


: Don't care. 





Note: *1. The level of address pin is don't care, but cannot be changed in this period. 
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HM534253 Series 


Color Register Set Cycle (Delayed Write) 


tras 


= 


a Yj a= 
Yh, = — in 


tore 


wy TLE Es LLL, 


tors torn 


oor TF LLL. 


2 |. WLLL 
ratress 777) a_i LTT. 


Y//4 + Don't care 





Note: *1. The level of address pin is don't care, but cannot be changed in this period. 
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HM534253 Series 


Flash Write Cycle 





ress. 


ron 
tial TT == KOT MUM MMU, 


|, YO 
UD LLL L 


: Don’t care. 






mi 
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HM538121 JP/ZP-1 0/1 2/1 5 — Preliminary 


131,072 x 8-Bit Multiport CMOS Video Random Access Memory 


@ DESCRIPTION 


The HM538121 is a 1-Mbit multiport video RAM equipped with a 
128-kword x 8-bit dynamic RAM and a 256-word x 8-bit SAM (serial 
access memory). Its RAM and SAM operate independently and 
asynchronously. It can transfer data between RAM and SAM and has 
a write mask function. It is suitable for a graphic processing buffer 
memory. 


@ FEATURES 


e Multiport Organization 
Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 


RAM iccntenene tenes Oe deo tins aps 128-kword x 8-Bit 
AVE eccnia Sech ae ua ie, oe ead at eh ahd Ghee ae 256-word x 8-Bit 
e Access Time................ RAM: 100/120/150ns (max.) 
SAM: 30/40/50ns (max.) 
e Cycle Time................. RAM: 190/220/260ns (min.) 
SAM: 30/40/60ns (min.) 
e Low Power 
ACIVG wie cea th eadres RAM: 385mW (max.) 
SAM: 275mW (max.) 
Standby ................ 40mW (max.) 


e High Speed Page Mode Capability 
¢ Mask Write Mode Capability 
e Bidirectional Data Transfer Cycle Between RAM and 
SAM Capability 
e Real Time Read Transfer Capability 
¢ 3 Variations of Refresh (8ms/512 Cycles) 
RAS-Only Refresh 
CAS-Before-RAS Refresh 
Hidden Refresh 
e TTL Compatible 


M@ ORDERING INFORMATION 





Package 


400-mil 40-pin 
Plastic SOJ 
(CP-40D) 





HM538121JP-10 
HM538121JP-12 
HM5381213P-15 
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(CP-40D) 
@ PIN ARRANGEMENT 
39 | | SI/O7 


38 {| | Si/O6 
37| | SI/O5 


OAN DAF WHY — 


(Top View) 


@ PIN DESCRIPTION 


Pin Name Function 
Aop-Ag Address Inputs 
RAM Port Data 
POOH Inputs/Outputs 
SAM Port Data 
a7 Os Inputs/Outputs 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
— Data Transfer/ 
Bie Output Enable 
SC Serial Clock 
SE SAM Port Enable 
Vcc Power Supply 
Vss Ground 
NC Non Connection 





HM538121 JP/ZP-10/12/15 
@ BLOCK DIAGRAM 


Mask 
Register 


Pin Function 


RAS (input pin): RAS is a basic RAM signal. It is 
active in low level and standby in high level. Row 
address and signals as shown in table 1 are input at 
the falling edge of RAS. The input level of those sig- 
nals determine the operation cycle of the HM538121. 


Table 1. Operation Cycles of the HM538121 


Input Level at the Falling 
ae of RAS _ 


CAS 
H a ee RAM Read/Write 
H nn ap ae se Mask Write 
H fo ae eee le Read Transfer 

| Lf L | A Pseudo Transfer 

Write Transfer 

L CBR Refresh 


NOTE: X = Don’t care. 


Operation Cycle 


aon gee 


CAS (input pin): Column address is put into chip 
at the falling edge of CAS. CAS controls output 
impedance of I/O in RAM. 


Ao-Ag (input pins): Row address is determined 
by Ag-Ag level at the falling edge of RAS. Column 
address is determined by Agp-A7 level at the falling 
edge of CAS. In transfer cycles, row address is the 
address on the word line which transfers data with 
SAM data register, and column address is the SAM 
start address after transfer. 


WE (input pin): WE pin has two functions at the 
falling edge of RAS and after. When WE is low at 


Pointer 


fe 


alae 


the falling edge of RAS, the HM538121 turns to 
mask write mode. According to the I/O level at the 
time, write on each I/O can be masked. (WE level at 
the falling edge of RAS is don’t care in read cycle.) 
When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE 
switches read/write cycles as in a standard DRAM. 
In a transfer cycle, the direction of transfer is 
determined by WE level at the falling edge of RAS. 
When WE is low, data is transferred from SAM to 
RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is 
read from RAM). 

I/Oo-I/O7 (input/output pins): I/O_pins function 
as mask data at the falling edge of RAS (in mask 
write mode). Data is written only on high I/O pins. 
Data on low I/O pins are masked and internal data 
are retained. After that, they function as 
input/output pins as those of a standard DRAM. 

DT/OE (input pin): DT/OE pin functions as DT 
(data transfer) pin at the falling edge of RAS and as 
OE (output enable) pin after that. When DT is low 
at the falling edge of RAS, this cycle becomes a 
transfer cycle. When DT is high at the falling edge 
of RAS, RAM and SAM operate independently. 


SC (input pin): SC is a basic SAM clock. In a 
serial read cycle, data is output from an SI/O pin 
synchronously with the rising edge of SC. In a 
serial write cycle, data on an SI/O pin at the rising 
edge of SC is put into the SAM data register. 

SE (input pin): SE pin activates SAM. When SE 
is high, SI/O is in the high impedance state in serial 
read cycle and data on SI/O is not put into the SAM 
data register in serial write cycle. SE can be used 
as a mask for serial write because internal pointer 
is incremented at the rising edge of SC. 


Shift Register 


be 
2 
Bf 
bo 
@ 
ied 
ha 
Cd 
G 
QO 


From 
Column Address 


(SAM Start Address) 
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S!/Oo-S1I/O7 (input/output pins): SI/Os are input/ 
output pins in SAM. Direction of input/output is de- 
termined by the previous transfer cycle. When it was 
a read transfer cycle, SI/O outputs data. When it was 
a pseudo transfer cycle or write transfer cycle, SI/O 
inputs data. 


OPERATION OF HM538121 
Operation of RAM Port 


RAM Read cycle (DT/OE high, CAS high, at the fall- 
ing edge of RAS) 


Row address is entered at the RAS ee edge 
and column address at the CAS falling edge to the 
device as in standard DRAM. Then, when WE is high 
and DT/OE is low while CAS is low, the selected 
address data is output through I/O pin. At the falling 
edge of RAS, DT/OE and CAS become high to distin- 
guish RAM read cycle from transfer cycle and CBR 
refresh cycle. Address access time (tAA) and RAS to 
column address delay time (trap) specifications are 
added to enable high-speed page mode. 


RAM Write Cycle (Early Write, Delayed Write, 
Read-Modify-Write) (DT/OE high, CAS high at the 
falling edge of RAS) 


¢ Normal Mode Write Cycle (WE high at the falling 
edge of RAS) 


When CAS and WE are set low after RAS is set 
low, a write cycle is executed and I/O data is written 
at the selected addresses. When all 8 I/Os are writ- 
ten, WE should be high at the falling edge of RAS to 
distinguish normal mode from mask write mode. 


If WE is set low before the CAS falling edge, this 
cycle becomes an early write cycle and I/O becomes 
high impedance. Data is entered at the CAS falling 
edge. 

If WE is set low after the CAS falling edge, this 
cycle becomes a delayed write cycle. Data is input at 
the WE falling edge. I/O does not become high impe- 
dance in this cycle, so data should be entered with 
OE in high. 

If WE is set low after towp (min.) and tawp (min.) 
after the CAS falling edge, this cycle becomes a 
read-modify-write cycle and enables write after read 
to execute in the same address cycle. In this cycle 
also, to avoid I/O contention, data should be input 
after reading data and setting OE high. 


e Mask Write Mode (WE low at the falling edge of 
RAS 


If WE is set low at the falling edge of RAS, the 
cycle becomes a mask write mode cycle which 
writes only to selected I/O. Whether or not an I/O is 
written depends on I/O level (mask data) at the falling 
edge of RAS. Then the data is written in high I/O pins 
and masked in low ones and internal data is pre- 
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served. This mask data is effective during the RAS 
cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 


High-Speed Page Mode Cycle (DT/OE high, CAS 
high at the falling edge of RAS) 


High-speed page mode cycle reads/writes the data 
of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the ran- 
dom read/write cycle and is higher than the standard 
page mode cycle by 70-80%. This product is based on 
static column mode, therefore, address access time 
(taxa), RAS to column address delay time (taap), and 
access time from CAS precharge (tacp) are added. In 
one RAS cycle, 256-word memory Cells of the same row 
address can be accessed. It is necessary to specify 
access frequency within taas max. (10 us). 


e Transfer Operation 


HM538121 provides the read transfer cycle, 
pseudo transfer cycle, and write transfer cycle as 
data transfer cycles. These transfer cycles are set by 
driving DT/OE low at the falling edge of RAS. 

They have following functions: 

(1) Transfer data between row address and SAM 
data register (except for pseudo transfer 
cycle) 

(2) Determine direction of data transfer 
(a) Read transfer cycle: RAM — SAM 
(b) Write transfer cycle: RAM <« SAM 


(3) Determine input or output of SAM I/O pin (SI/O) 
Read transfer cycle: SI/O output 
Pseudo transfer cycle, write transfer cy- 
cle: SI/O input 


(4) Determine first SAM address to access (SAM 
start address) after transferring at column ad- 
dress. When SAM start address is not 
changed, neither CAS nor address need to be 
set because SAM start address can be latched 
internally. 


Read Transfer Cycle (CAS high, DT/OE low, WE 
high at the falling edge of RAS) 


This cycle becomes read transfer cycle by setting 
DT/OE low and WE high at the falling edge of RAS. 
The row address data (256 x 8 bit) determined by 
this cycle is transferred synchronously at the rising 
of DT/OE. After the rising edge of DT/OE, the new 
address data outputs from SAM start address de- 
cided by column address. 


This cycle can execute SAM access serially even 
during transfer (real time read transfer). In this case, 
the timing tspp (min.) is specified between the last 
SAM access before transfer and DT/OE rising edge, 
and tsp (min.) between the first SAM access and 
DT/OE rising edge (see figure 1). 
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Address ae 


Ys dL Yj+1 


SAM Data Before Transfer SAM Data After Transfer 





Figure 1. Real Time Read Transfer 
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If read transfer cycle is executed, SI/O becomes 
output state. When the previous transfer cycle is ei- 
ther pseudo transfer cycle or write transfer cycle and 
SI/O is in input state, uncertain data is output after 
taiz (min.) after the RAS falling edge. Before that, 
input should be set high impedance to avoid data 
contention. 


Pseudo Transfer Cycle (CAS high, DT/OE low, WE 
low, and SE high at the falling edge of RAS) 


Pseudo transfer cycle is available for switching 
SI/O from output state to input state because data in 
RAM isn’t rewritten. This cycle starts when CAS is 
high, DT/OE low, WE low, and SE high, at the falling 
edge of RAS. The output buffer in SI/O becomes 
high impedance within tgaz (max.) from the RAS fall- 
ing edge. Data should be input to SI/O later than tgp 
(min.) to avoid data contention. SAM access be- 
comes enabled after tsap (min.) after RAS becomes 
high. In this cycle, SAM access is inhibited during 
RAS low, therefore, SC should not be raised. 


Write Transfer Cycle (CAS high, DT/OE low, WE 
low, and SE low at the falling edge of RAS) 


Write transfer cycle can transfer a row of data 
input by serial write cycle to RAM. The row address 
of data transferred into RAM is determined by the 
address at the falling edge of RAS. The column ad- 
dress is specified as the first address to serial write 
after terminating this cycle. Also in this cycle, SAM 
access becomes enabled after tsrp (min.) after RAS 
becomes high. SAM access is inhibited during RAS 
low. In this period, SC should not be raised. 


@ SAM PORT OPERATION 
e Serial Read Cycle 


SAM port is in read mode when the previous data 
transfer cycle is read transfer cycle. Access is syn- 
chronized with SC rising, and SAM data is output 
from SI/O. If SE is set high SI/O becomes high impe- 
dance and internal pointer is incremented at the SC 
rising edge. 


HM538121JP/ZP-10/12/15 


¢ Serial Write Cycle 


If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, SI/O data is programmed into data 
register at the SC rising edge like in the serial read 
cycle. If SE is high, SI/O data isn’t input into data regis- 
ter. Internal pointer is incremented according to the SC 
rising edge, so SE high can mask data for SAM. 


@ REFRESH 
e RAM Refresh 


RAM, which is composed of dynamic circuits, re- 
quires refresh to retain data. Refresh is performed by 
accessing all 512 row addresses every 8 ms. There 
are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before RAS (CBR) refresh cycle, and (3) Hid- 
den refresh cycle. Besides them, the cycles which 
activate RAS such as read/write cycles or transfer 
cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row ad- 
dresses every 8 ms. 

RAS-Only Refresh Cycle: RAS-only cycle is per- 
formed by activating only RAS cycle with CAS fixed 
to high by inputting the row address (=refresh ad- 
dress) from external circuits. In this cycle, output is 
high-impedance and power dissipation is less than 
that of normal read/write cycles because CAS inter- 
nal circuits don’t operate. To distinguish this cycle 
from data transfer cycle, DT/OE should be high at 
the falling edge of RAS. 


CBR Refresh Cycle: CBR refresh cycle is set by 
activating CAS before RAS. In this cycle, refresh ad- 
dress need not to be input through external circuits 
because it is input through an internal refresh 
counter. In this cycle, output is in high impedance 
and power dissipation is lowered like in RAS-only 
refresh cycles because CAS circuits don’t operate.. 


Hidden Refresh Cycle: Hidden refresh cycle per- 
forms refresh by reactivating RAS when DT/OE and 
CAS keep low in normal RAM read cycles. 


e SAM Refresh 


SAM parts (data register, shift register, selector), or- 
ganized as fully static circuitry, don’t require refresh. 
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m@ ABSOLUTE MAXIMUM RATINGS 


em Un 
Terminal Volage v 
Power Supply Voltage() V 
Power Dissipation es 
Operating Temperature °C 
Storage Temperature °C 


NOTE: 1. Relative to Vss. 


@ RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to 70°C) 


Parameter Symbol | Min. Typ. | Max. Unit 
Supply Volage™ Voc v 
Input High Voltage™ Vin | 24 | «i 
input Low Volage™ vi | 0s@ 


NOTES: 1. All voltages referenced to Vss. 
2. -3.0V for pulse width < 10ns. 


Ft 


m@ DC CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 10%, Veg = OV) 





ate Test Conditions HM538121-10 | HM538121-12 | HMS538121-15 | 
tem modo nit 
? RAM Port SAM Port | Min. | Max. Max. 


RAS, CAS Cycling : 
tec = Min. SE = Viv; SC Cycling 
tscc = Min. 


Operating Current 









3 
> 


loc 
SC, SE = Vin 

SE = Vj,, SC Cycling 
iscc = Min. 

RAS Cycling SC, SE = Vin 

CAS = Vin SE = Vj, SC Cycling 


3 
> 


Toc? 


Standby Current 


rs 
> 


locg 


| 
> 


sala Ioc3 
RAS-Only Refresh 


Current 


CAS Cycling SC, SE = Vin = 
Page Mode Current RAS = Vi tec = | SE = Vii» SC Cycling 
Iccio | Min. tscc = Min. 


SC, SE — Vin 


[come | 
F 


3 
S 


ae ea? C5 
CAS-Before-RAS Refresh 


Current 


RAS Cycling =< 
tscc = Min. 


SE = V,,, SC Cycling 
tscc = Min. 


3 
> 


Ioc il 


3 
> 


loc 
Data Transfer Current 


= 
> 


loc 12 





i=) = ~~) ~ - ~ w wr 
3 
> 


Ouput Leakage Curent | ho [| —SSSSSCSCSCS~ OP | | | | o 
Oupat iw Valags [| Vo | tw =42ma___———_-| - [oa] - [ow] - [aw |v 
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M@ CAPACITANCE (T, = 25°C, Vcc = 5V, f = 1MHz, Bias: Clock, I/O = Vcc, address = Vss) 


Parameter Cn 
Adare er ee ee 
Clocks el nea Se a 
10, $10 ag ee ee ee 


@ AC CHARACTERISTICS (T, = 0 to 70°C, Voc = SV + 10%, Vsg = OV) (), (UD 
e Test Conditions 


e Input Rise and Fall Time: 5ns ¢ Input Timing Reference Levels: 0.8V, 2.4V 
© Output Load: See Figures ¢ Output Timing Reference Levels: 0.4V, 2.4V 


lon=—2mA lon=—2mA 
—_—_——e- —_ 


lo, =4 2mA lor =4 2mA 


ee, 


» 


Output Load A Output Load B 


*Including scope and jig. 





¢ Common Parameter 


Cc 
= 
a 


cee Symbol |_HM538121-10 HM538121-15 - 

guess as Max. | Min. Min. | Max. 

Random Read or Write Cycle Time — | 220 | — | 260 _ 

RAS Precharge Time | tap | 80 | 
RAS Pulse Width | tras | 100 | 10000 

| tran 


Row Address Setup Time tasr | oO | 


eae ee 

Row Address Hold Time traH ie eee dS ee 
a ee ee 
—- 


Column Address Setup Time 
Column Address Hold Time tcaH 


— — K< 
WA mee 


RAS to CAS Delay Time 5, 6 
CAS Hold Time | tesa | 100 | — | 20 | — | 150 

CAS to RAS Precharge Time tcrp | o | — | 0 | — | 0 | 

Transition Time (Rise to Fall) 8 
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e Read Cycle (RAM), Page Mode Read Cycle 


Parameter 


Access Time From RAS 
Access Time From CAS 
Access Time From OE 
Address Access Time 


Output Buffer Turn Off Delay 
Referenced to CAS 


Output Buffer Turn Off Delay 
Referenced to OE 


Read Command Setup Time 
Read Command Hold Time 


Read Command Hold Time 
Referenced to RAS 


RAS to Column Address Delay Time 


Page Mode Cycle Time 
CAS Precharge Time 
Access Time From CAS Precharge 


e Write Cycle (RAM), Page Mode Write Cycle 


Parameter 


Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-In Setup Time 

Data-In Hold Time 

WE to RAS Setup Time 

WE to RAS Hold Time 

Mask Data to RAS Setup Time 
Mask Data to RAS Hold Time 


OE Hold Time __ 
Referenced to WE 


Page Mode Cycle Time 
CAS Precharge Time 


576 


HM538121-10 | HM538121-12 | HM538121-15 
Symbol Unit | Note 
Min. | Max. Max. Max. 
ae 30 35 3 
45 55 70 ns 3,6 


25 30 


~ 


torF2 
trcs 
tRCH 


tRRH I 


on 
> 


ho 


an 
wr an N 


tRAD 65 


= 
Law| 
OQ 

=) 

n 


© ws j=) =) 
fan) 
i) 
— 
N 


oy 


bo < 
o>) 


oo 
ek 
ac] 


tacp 


at 


ot 
<= 
a in 


M 


toEH 


n 


tpc 


— 
A 


N 
e 


nN 


tcp 


Z 
an 
oS) 
oO 
preed 
NO 
— 
ae 
NO 
S rr 
=) 
o) 
1S) 
(oe) 
pom, 
pamee 
joven 
1) 
nN NM 


symbot |_HM538121-10 M ca en eee 
a Max. | Min. | Max. | Min. | Max. 
ftws | Oo | — | o | — | o | — | 9 
| two | 25 | — | 2 | — | 30 | — | os 
| twe | i | —- | 2 | — | 3 | — | 
| tew. | 30 | ~ | 35 | — | 40 | — | as 
| tow. | 30 | —- | 35 | — | 4 | — | 
ts | o | — | o | — | o | — | 10 
ae ee ee ee ee 10 
tws | o | — | o | —~ | o | — | 
twa | 6 | — | 5 | — | 20 | 
Foy - | of - |] o | 
Ps p= )s}- | 9 
pe[-|[s|-|7) 
| 55 | — | 6 | — | | 
| 0 | = | = 
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e Read-Modify-Write Cycle 





gotessae HM538121-12 | HM538121-15 as 
Min, | Max. | Min, [ Max. | Min. | Max. 

Read Modify Write Cycle Time | trwc | 255 | — | 295 | — | 350 | — | os | 
RAS Pulse Width 165 195 240 | 10000 | ns __ 
Column Address to WE Delay Paik eases eae 
Access time from RAS | trac | — | 100 | — | 20 | — | 150 | os | 2,3 
Access Time from CAS tcac | — | 30 | — | 35 | — { 40 | aos | 3,5 
Address Access Time | tw | — | 45 | — | 55 | — | 70 | ons | 3,6 
RAS to Column Address Delay 55 | 20 | 65 | 25 | 80 | ns | 5, 6 
Output Buffer Turn-Off Delay ftom | 0 | 25 | 0 | 30 | 0 | 40 | ms 
Referenced to OE OERS 
Read Command Setup Time | tees | O | — | oO | — | oO | — | os | 
Write Command to RAS Lead Time | tewe | 30 | — | 35 | — | 40 | — | os | 
Write Command to CAS Lead Time | ter. | 30 | — | 35 | — {| 40 | — | os | 
Write Command Pulse Width twp | 5 | — | 2 | — {| 2 | — | os | 
Mask Data to RAS Setup Time | ts | o | — { 0 | — | o | — | os | 
Mask Data to RAS Hold Time | twa | 6 | — | 6 | — | 20 | — | os | 
OE Hold Time Referenced to WE ea I oe oa es 


e Refresh Cycle 


— 
- 


Parameter 


HM538121-10 | HM538121-12 | HM538121-15 
Symbol ; Unit | Note 


CAS Setup Time (CAS-Before-RAS Refresh) 
CAS Hold Time (CAS-Before-RAS Refresh) tcHR 
RAS Precharge to CAS Hold Time 


5 


ry 
a 


= 
= 
as 
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e Transfer Cycle 


HM538121-10 | HM538121-12 | HM538121-15 
Parameter Unit | Note 
First SC to DT Hold Time | tsp | TBD | — | TBD | — | TBD| — | ns | 
DT Hold Time Referenced to RAS High 20 | — | 25 | — | 30 | — | os | 
Serial Data Input Delay Time from RAS | typ | 50 | — | o | — | 75 | — | ns | 
Serial Data Input to RAS Delay Time | torr | — | 1 | — | 1 | — | 10 | os | 
Serial Output Buffer Turn-Off Delay from RAS | tsez | 10 | 50 | 10 | 6 | 00 | 75 | ns | 7 
RAS to Sau (Low Z) Delay Time fan eae ees 
Serial Clock Cycle Time | tsce | 30 | — | 40 | — | 60 | — | ns | 
Serial Data Out Hold Time | toon | 7 | — | 7 | — [| 7 | — | as | 4 
Serial Data-In Setup Time ree a a ees 
Serial Data-In Hold Time Pee or eee 


e Serial Read Cycle 


Parameter Symbol - 
Min, 
Serial Clock Cycle Time tscc | 30 | — | 


Access Time from SC tsca 


| tsce_ 
sc | tsca | — | 
Access Time from SE | teen | — | 25 | 
ee 
| tsc_| 
| tscp_| 
| tse | 


= 
Nn 
1S) 
oO 
fui 
bo 
— 
S 
Nn 
Ww 
oO 
jt 
i) 
pod 
pnt 
ie) 
Z 
we 
eo 
oo 
p— 
bo 
— 
ra 


‘ lal 


Unit | Note 


Serial Data-Out Hold Time 


= 

SC Pulse Width tcc | 1 | — | 
SC Precharge Width tscp | 10 | — | 
a 


Serial Output Buffer Turn-Off Delay from SE | tgpz 


<= 
oN 


< 
elels|=[' | fale 
< 
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e Serial Write Cycle 


Serial Clock Cycle Time 


SC Pulse Width tsc | 10 | 
SC Precharge Width tscp 


Serial Data-In Setup Time 
Serial Data-In Hold Time 
Serial Write Enable Setup Time tsws 
Serial Write Enable Hold Time tswH 
Serial Write Disable Setup Time tswis 
Serial Write Disable Hold Time tswiH 


NOTES: 


Parameter Symbo Unit | Note 


a 
Q 
(o) 
Ki Ba) 
aK 
GC 
Loe) 
oo 
zi& 
RIS 
2 | 
=i 
(oF ,) 
Loe) 
(oe) 
— 
ras 
EIS 
Zim 
Sls 
A 
ww 
oo 
<|= 
& | 6 


1. AC measurements assume tt =5ns. 


N 


. Assumes that tpcp = trcp (max) and trap S trap (max). If trcp or trap is greater than the maximum 
recommended value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100pF. 

. Measured with a load circuit equivalent to 2 TTL loads and 50pF. 

. When trcp = trcp (max) and trap < trap (max), access time is specified by tcac. 
. When trcp < trcp (max) and trap = trap (max), access time is specified by taa. 


TH nH & W 


. torr (max) is defined as the time at which the output achieves the open circuit condition (Von - 200mV, VoL + 
200mV). 


8. Vin (min) and Vj (max) are reference levels for measuring timing of input signals. Transition times are measured 
between Vyy and Vi. 


9. When twcs = twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 
condition. When tawp = tawp (min) and tcwp = tcwp (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data output pin and input data is written into the selected address. In this case, 
impedance on I/O pins is controlled by OE. 


10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or 
read-modify-write cycles. 


11. After power-up, pause for 100 us or more and execute at least 8 initialization cycles (normal memory cycles or 
refresh cycles), then start operation. 


12. If either tac or trrH Is satisfied, operation is guaranteed. 
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@ TIMING WAVEFORMS 
e Read Cycle 


tasa 
pag 


aadress DRE Row PUPA cowumn MLL 


tees f tron 


FE MILLA fe KWALLILL 


~ = mi 
dina MLL ML Uf 


DT/OE [fr RH Dye MMM, VA/) + Don't care 





e Early Write Cycle 
: 2 OL = MMMM 
: ii 
’ U/ 


Det WLLL 


1/0 


(Output) : 
ors 


yee YA ORL 


: Don't care. 





NOTE: 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on 
I/Os are not written except for the case that the I/O is high at the falling edge of RAS. 
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e Delayed Write Cycle 


CAS 


va — — Tin nii 

I KT = WT 
4 ——— a 

_ eZ TTT. 


(ie 


tus 


pu A A vnis eee BOLL Lh 


1/0 High-Z 
(Output) 





(//4 * Don’t care. 


ae Hen A 


NOTE: 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on 
I/Os are not written except for the case that the I/O is high at the falling edge of RAS. 


¢ Read-Modify-Write Cycle 


Sn a 

77 7 + 

Address T= EE oT 
a | 


- DON YVITILL 
2, a me TIT 


em Valid 


ela “RL 


: Don't care. 





NOTE: 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on 
I/Os are not written except for the case that the I/O is high at the falling edge of RAS. 
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e Page Mode Read Cycle 


a 
meres a ea LLL) UMN) MMI 


~ We fale 
A et Pe 
gio ee ae a ae Cee 
The my, 


VTTM Eu pon 


: Don’t care. 





e Page Mode Write Cycle (Early Write) 











" _t rece 
=e 


ey, eer ZR De TTTT 


fl 
~ A mall nm 
Ping 


2, ie PEACE WDE WL 


1/o i High-Z 
(Output) tors E 


mee 7) NLLLLLLLLL LLL LLL LLL LLL LLL LLL LL LLL 


: Don’t care. 


NOTE: 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE 1s low level, the data on 
I/Os are not written except for the case that the I/O is high at the falling edge of RAS. 
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e Page Mode Write Cycle (Delayed Write) 


: = i- 


om Soe CTT RL TLL 
DX MOLI WITT WITTEN VOTTTTTETE 
1, KS KIZIILIXEXTLINENIIIIITILL 


(Input) 
1/0 High-Z 
(Output) tors 


ove /f WWIII 


: Don’t care. 





pes 


NOTE: 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on 
I/Os are not written except for the case that the I/O is high at the falling edge of RAS. 








e RAS-Only Refresh Cycle 


7 | 





o yp MLLLLLL LL 


eo oo CIMT TTI IAL £71 


ew Th i 
V0 LTP T TTS TAL TT LLL 


(Input) 


T(E WTI TTT 


: Don't care. 
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e CAS-Before-RAS Refresh Cycle 


Address 


TPIT LT LAIST II ITAL LAIST. 


1/0 
(Input) 


1/0 
(Output) 


DT/OE 





: Don’t care. 


e Hidden Refresh Cycle 


hares i, ee 


a 7// Se : CL LLL. 


r eisics 
(ous Pee ee 
mre ca 

1/0 

(Input) = 


: Don't care. 
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¢ Read Transfer Cycle (1) (1): (2) 


Address he eo 


We aap poe 
ral anwar! 


Pf ne 
wot) LHMILMMLILHMLLLLLLLELLLLLT £1 


teow aot 


( Bay ) 


tors 


prior /\ {———txe 7777] 


tscc ts00 


“ eK ome. 
t 


(out) Lh BLN, st LDA sa CLK et XL/ 


Previous Row w Row 


son 


$i/0 High-Z 
(Input) 





: Don't care 





NOTES: 1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
2. SE is in low level. (When SE is high, SI/O becomes high impedance). 
3. CAS and SAM start address don’t need to be specified every cycle if SAM start address is not changed. 


¢ Read Transfer Cycle (2) (1), (2) 


CAS 


tase 


raves rom KY RS — =e WELT? 
ih mo reer Derroslmenenad ay 


we Ate eee 
il ER 


en 


pf see 
coats LLL LT LLEELLTTTLELL E LETTE TEL 


pe torn 


t 
tors RON 


ve FI =I 
DORI 


: fe 
ie, TTT TB re 7 


s/o FO 
(Input) —. 
> Don’t care 


KN : Inhibit rising transient 





NOTES: 1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
2. SE is in low level. (When SE is high, SI/O becomes high impedance). 
3. CAS and SAM start address don’t need to be specified every cycle if SAM start address is not changed. 
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e Pseudo Transfer Cycle 


za 

= ee 
racress KY ae TTT TFTITETITTITTT 
*« AW 


me NI “YT 


CAS 


M Start N 
ddress 


me At CPUPLECELECHSU ACO EACROCALETE 
Z 9 nn 
TTT TTD 
ae x 3 

sca : Don’t care 


KX) : Inhibit rising transient 
1/0 : Don't care 





NOTE: 1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 


¢ Write Transfer Cycle 


——— 

8 seas ieee 

| ie ia ase sans ae rma | 
tus ee 

we INI 


DIVE Are TTT EET 


"RAS 
CAS 
tas 


A 
Address } ( 


= A WT 


* a 
e QOOYYYYYYA ‘a 
dno) G88 ITLL TTL T_T Ki 


$!/0 High-Z 
(Output) 


//// : Don’t care 


KXX : inhibit rising transient 





NOTE: 1. CAS and SAM start address don’t need to be specified every cycle, if SAM start address is not changed. 
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¢ Serial Read Cycle 


] 
(Output) 


: Don't care. 





¢ Serial Write Cycle 


tscc 


r. tsc 1 
(n—2) IX 


cngat) 280-9 XL TM "Sete CEL TTL Dien / 


tsin tsis tin 


- Don’t care. 





NOTES: 1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 


2. Address 0 is accessed next to address 255. 
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Section 5 
MOS Dynamic RAM 
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HM50464 Series 


65536-word x 4-bit Dynamic Random Access Memory 
FEATURES 

Page mode capability 

Single 5V (+ 10%) 

Onchip substrate bias generator 

Low power: 350 mW active, 20 mW standby 

High speed: Access Time 120ns/150ns/200ns 

Output data controlled by CAS or OE 

TTL compatible 

256 refresh cycles......... 
3 variations of refresh 


4ms 

RAS only refresh 

CAS before RAS refresh 
Hidden refresh 


eee eee 









HM50464P Series 


“ 


(DP-18B) 
HM50464CP Series 









HMS0464P-12 


ORDERING INFORMATION 


HMS50464P-15 
HM50464P-20 
HM5S0464CP-12 
HM50464CP-15 
HM50464CP-20 







= BLOCK DIAGRAM 
1/0 1/0 1/01/0 
12 34 





590 


Access Time 

















- 


(CP-18) 


Package 








300 mil 18 pin 
Plastic DIP 


# PIN ARRANGEMENT 
@HM50464P Series 


18 pin PLCC 


@HM50464CP Series 


1/O10E Vss 1/04 






Index Corner 









1/023 16 )CAS 
WE 15} 1/03 
RASU5 14) Ao 
As (]6 13) Ai 
As {|7 121) Az 
(Top View) 
8 9 10 11 
‘Ai Vec Ar As 
(Top View) 
Ao ~A, | Address Inputs 
“AS | Column Address Strobe 
1/01 — | pata In/Data Out 
1/04 a In/Data Ou 
OE | Output Enable 
RAS _ | Row Address Strobe 
WE ___| Read/Write Input 
Voc | Power (+5V) 
Vss {Ground 
ew) Refresh Address Inputs 
HITACHI 
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= ABSOLUTE MAXIMUM RATINGS 


HM50464 Series 


[tem Unit 
Voltage on any pin relative to Vg Vv 
Supply Voltage relative to Veo V 
Operating Temperature (Ambient) =C 
Storage Temperature (Ambient) Tstg °C 
Power Dissipation oe W 
Short Circuit Output Current mA 


= RECOMMENDED DC OPERATING CONDITION (7a = 0 to +70°C) 


Parameter 
Supply Voltage 


Input High Voltage 
Input Low Voltage 
Note) All voltage referenced to Vs. 


= DC ELECTRICAL CHARACTERISTICS (Vcc = 5V +10%, Vss = OV, Ta = 0 to +70°C) 





| min. | max. | min | max. | min. | max. | 
Standby Current (RAS = V 147. Dout = Disable) lIecn {| - [| 45 | - | 45 | - | 45 [ma] 
Refresh Current (RAS only refresh, tac = min.) eee 
Standby Current (RAS = V4;, Dout = Enable) | 106] 6 ~C | 0 Cf 0 ma 1 
Refresh Current (CAS before RAS refresh, tec = min.) liccs | - | 69 | - | 58 | - 45 mA 1 
Operating Current (Page mode, f pc = min ) |Iccx | - | 57 | - | 48 | - | 37 | mA 1 
Input Leakage Current (0 < Vin < 7V) fe Rf 
Output Leakage Current (0 < Vout < 7V, Dout = Disable) | Tro | -10 | | -10 { 10 { -10 | 10 [wa | 
Output Low Voltage (/out = 4 2 mA) Vor. | O | 04 | O | 04 | O | 04 | V | 





Note) 1. cc depends on output loading condition when the device is selected, /¢c¢ max. is specified at the output open 
condition. 
® CAPACITANCE (Vcc = 5V +10%, Ta = 25°C) 
Parameter Symbol_| typ. | max. | Unit | Note 
dd ioe Peet 
japaicapscleanes at 
RAS, CAS, WE, OF ee ee 
Output Capacitance | Data in/Data Out | co | - | 10 | pF | 1,2 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V7,; to disable Dout. 


# ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc = SV £10%, Vss = OV, Ta = 0 to +70°C) 


Access Time from RAS Pirac [| - | mo, = | 180 [= | 200 [ms [23 
Access Time trom CAS Mtcac |= | 0, - [| - | 100 [as [3.4 
Output Buffer Turn-off Delay referenced to CAS ltorr: | - | 30] - | 40 | - ns 5 
Transition Time (Rise and Fall) [50 [as [6 
Random Read or Write Cycle Time SEE Ee 330 | = | ns 
RAS Precharge Time tre | 90[ =f i60 [= 0a 
RAS Pulse Width 10000 200 | 10000 | ns | 
CAS Pulse Width (CAS 60 SE 10000 | ns | 
RAS to CAS Delay Time tRCD 25 60 75 | 30 | 100 | ns | 7 
RAS Hold Time sri | O08 Ne 98 100. ena 
CAS Hold Time 'CSH ————— 200 | - | as 
CRS to RAS Precharge Time ICRP ce lee) ie fee 
Row Address Hold Time iran | 5 | - | 1s [ - | 2 [| - [os | 








(to be continued) 
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HMS0464 Series 


Parameter 


Column Address Set-up Time 


Column Address Hold Time (CAH 

Column Address Hold Time referenced to RAS 

Write Command Set-up Time twos 

Write Command Hold Time H 

Write Command Hold Time referenced to RAS 'WCR 
Write Command Pulse Width 


Write Command to RAS Lead Time tRWL 

Write Command to CAS Lead Time 

Data-in Set-up Time 

Data-in Hold Time 

Data-in Hold Time referenced to RAS 

Read Command Set-up Time 
Read Command Hold Time referenced to CAS 
Read Command Hold Time referenced to RAS 
Refresh Period tREF 
Read-Write Cycle Time 
to WE Delay Time tcwD 
RAS to WE Delay Time 
‘AS Precharge Time 
CAS Set-up Time (CAS before RAS refresh) 
CAS Hold Time (CAS before RAS refresh) 
RAS Precharge to CAS Hold Time 
Access Time from OF 
Output Buffer Turn-off Delay referenced to OE 
OE to Data-in Delay Time 
OE Hold Time referenced to WE 
Page Mode Cycle Time 
CAS Precharge Time (for Page-mode Cycle Only) 
iS Read-modify-write Cycle Time (Page-mode) 

Notes) 

1. AC measurements assume t7 = Sns. 

2. Assume that trpcp S trcp (max). If trcp is 
greater than the maximum recommended value 
shown in this table, tp 4c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL 

loads and 100pF. 

Assumes that trcp 2 trcp (max). 

tOFF (max) is defined as the time at which the 

output achieves the open circuit condition and is not 

referenced to output voltage levels. 

6. Vizy (min) and Vz; (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V ;,, and V7. 

7. Operation with the tpcp (max) limit insures that 
trac (max) can be met, tecp (max) is specified as 
a reference point only, if trcp is greater than the 
specified tpep (max) limit, then access time is 
controlled exclusively be to4c. 


ey 


Slol- Sloislslele sis lZls isis lo l= le elelriak 
S19 |e mS eG [rs 219 S > 


an 


HM50464-12 


[eRGeTS_ [AEE Tyo ho 
imax min, [max] in| man 
Pe fe 
ee ee 0 ew 
See Os Se OE EF 

roe 
ae IS ME ES 

Tao [= ass 
ee EC GR 
Le ee es 
ass 
ee ee 
SC 
sa MT 

rk es ee 
8 
8 


w 
oO 


(vs) 
— 
i) 
a 


8. twos, tcwp and trwp are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if twos 2t weg (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) through- 
out the entire cycle; if tcwp 2 tcwp (min) and 
trwp = trwp (min), the cycle is a read/write and 
the data output will contain data read from the 
selected cell; if neither of the above sets of condi- 
tions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

9. These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in 
delayed write or read-modify-write cycles. 

10. An initial pause of 100 us is required after power-up 
followed by a minimum of 8 initialization of cycles. 

11. Minimum of 8 CAS before RAS refresh is required 
before using internal refresh counter. 

12. In delayed write or read-modify-write cycles, OE 
must disable output buffers prior to applying data to 
the device. 
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HM50464 Series 


# TIMING WAVEFORMS 
e READ CYCLE 





tASR 


poy fase 


ia 
paicess7 ZX ROW NING. i 1 


teow 


ws 77777) TT RZZZZZ 


tRRH 






v0 {ob Pur P 





Note) V7/]: Don’t care 


e EARLY WRITE CYCLE 


RAS 








ERP -—o 
tes 4—_—~ | 


tr | 
trop- tc 4s torpP 


tos# 


Address/ / ROW | tae cotumnx ////////7//) 


wa eee 
we TTTTTN wn TTT TTT 
eet 


po———— fy 








—tpHR 


TTT TT vai wre KT) 


ths 





Notes) 1. OE : Don’t care 


2.7//;: Don’t care 
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HM50464 Series 


e@ DELAYED WRITE CYCLE 





Address! /} a (0) CN, 


CAH 


tcwL 
tRWL 


aL twen 


ERGs ee! ae ee) 


IDH 
ee 


v0 ITIL TT Kn one imomnnX/ 777777 


tos 
lOEH 


topD 


oE// ff //// NZI AIT ILL 


Note) /7/]: Don’t care 
e READ MODIFY WRITE CYCLE 





Address/ /) { Row } TK (couumn} CLL L ISD 


CWL 
tRWL 


| ais COMES 





vol TITILZION MMR ZZ 
mTT TIN Al. NI 


@ HITACHI Note) 77 /: Don’t care 
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HM50464 Series 


——$——— 


e RAS ONLY REFRESH CYCLE 


RC 


RAS 


tras trp 


tc RP {RPC 


“LY TTT. 





Notes) 1. OE, WE: Don’t care 
2. : Don’t care 


e HIDDEN REFRESH CYCLE 





{Rc 
RAS tRAS fen 
(a 
trep 
CAS 
tASR tC AH 
ae pe Ss oe ’ 

Address Row PXMCOLUMNX/7/ Dank a7 ¢ 7 ZI LL 
tROH 
eis 

we7/ 7/7/77 ieee] WV 
tc ac 

tRAC lOFFi 

1/0 signee 4 VALID OUTPUT D>. 


711111111 1777 


Note) 777] : Don’t care 
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HM50464 Series 


e CAS BEFORE RAS REFRESH CYCLE 





address”///P//LLL/L LL vont dare LI LL/L/L L/S LLL 





e COUNTER TEST 


trp 


(REFRESH) (READ’WRITE) 
CSR 
tcHR tcas 
tcp 
LAsSC (CAH 


address//////S//LL/S/L LR _couumn KS // 





ee 


Notes) 1. Dotted-line Means Read Cycle. 2.%7//: Don’t care 


e PAGE MODE READ CYCLE 


tras 


tr tpc (Ri 
treo [= to rp 
CAS ) tc as eas (Cas (CAS 


i | tase : | 
7 





Address id (} 0 cou wy WLLL oy el, 
SP nah tm oll 

meus | OT) a 

1/0 iene can} Hart dott eu} ait dotrresp ” 


te 4¢ ' 
fokR2 
OE 


Note ) : Don’t care 
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HM50464 Series 
e PAGE MODE WRITE CYCLE 
RAS tras 


trp 


'CSH 
tres 


“4 


Address’ /) tf 


lle. 7 TT 
WE Tt Pal LLL A, Dinu 






fps 
bale H toy 


10 ities Linbor X77 iNbor KZ/// He IEITTT 


LOHR 


tobbp 


Lot H—et 


Note) V7 7]: Don’t care 


@ PAGE MODE READ MODIFY WRITE CYCLE 





RAS tras 


a", 


a — LS 
Ke: Soy = pi on 


WEYL hia aE pam 


VOT TTT 7S es) RENT ve TTT 11 


OH 


oe TILL HE ot LLL TL, 


Note) 77] : Don’t care 
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HMS50256 Series 


262144-word < 1-bit Dynamic Random Access Memory HM50256P Series 


@ FEATURES 

@ industry Standard 16-Pin DIP, 18-Pin PLCC, 16-Pin ZIP 

Single 5V (+10%) 

On chip substrate bias generator 

Low Power: 350mW active, 20mW standby 

High speed: Access Time 120ns/150ns/200ns(max.) 

Common 1/0 capability using early write operation 

Page mode capability 

TTL compatible 

256 refresh cycles - -- (4ms) 

3 variations of refresh - -- RAS only refresh, CAS before RAS refresh, 
Hidden refresh 





(DP-16B) 


HMS50256C P Series 


m= ORDERING INFORMATION 


HM50256P-12 
HM50256P-15 can mil 16 pin Plastic 
HM50256P-20 


HM50256ZP-12 
HM50256ZP-15 
HM50256ZP-20 


HM50256CP-12 
HM50256CP-15 
HM50256CP-20 


16 pin Plastic ZIP 





18 pin PLCC (CP-18) 





HM50256ZP Series 


PIN ARRANGEMENT 
@HM50256P Series @HM50256CP Series @HM50256ZP Series 





INDEX 
CORNER 





ne[]s nc | ey (ZP-16) 


= PIN DESCRIPTION 
Ao~As Address Inputs 





CAS Column Address Strobe 
Al Vec A7 AS 
Din Data In 
(Top View) (Top View) (Bottom View) Nout Data Out 
RAS Row Address Strobe 
WE Read/Write Input 
Vec Power (+5V) 
Vss Ground 
Ao~A, Refresh Address Inputs 
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HM 50256 Series 


MBLOCK DIAGRAM 









[ Data-In Main Amps Data-Out 
Bulfer Buffer 


Dout 











































an n 
2 2 
(We S| 1g 
= 3 pa 
a P4 3 Memory 
7 e Array 
a £ a 
E| B/E 
rT = Tc 
REN. a 
F\ |Z 
ae. Wesel cescel qe 
chee Wee | ek asia 
\nc 
eo wn 
2 MA 
\; © 2 a 5 
= 8 = 
Address Memors of |S | ogy Memory 
Buffers \rray a § w Array 
a a. 
EI SIEeé 
<|sl< 
ce gi? ls 
i~j c 
au a 
n 7) 








Var 
ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vso... 2... 000. ~1V to +7V 
Operating temperature, Ta (Ambient)......... 0°C to +70°C 
Storage temperature .................. -55°C to +125°C 
Short circuit output current ................000. 50mA 
Power dissipation .............. 00 cece een eecaae 1W 


Mi RECOMMENDED DC OPERATING CONDITIONS (Tc=0 to +70°C) 


Supply Voltage a ee ee ee 


Input High Voltage Vin 
Input Low Voltage Vie 
Note) 1. All voltages referenced to Vss 


MOC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V110%, Vss=0V) 


HiMs0256-15 | HM5025620_| 
| Smit | fae 


Parameter 


Operating Current(RAS, CAS =Cycling : trc=min) 1 


Standby Current(RAS = V;y, Dout=High Impedance) 


Refresh Current(RAS only Refresh, tac= min) 


Standby Current(RAS = V;1, Dout =Enable) Tees 


| min 

Loe 

ees 

pein 

(RAS out | eee 

Refresh Current(CAS before RAS Refresh, trc™min) | Ice [| — | 
| 0 | 


emt 


Page Mode Supply Current (RAS= Viz, CAS =Cycling, tec =min) 
Input leakage(O< V.. <7V) | Iu | 


Output leakage(0< V...< 7V, Dout = Disable) Ito 


Output levels High(/..— —5mA) | 


Output levels Low(I...= 4. 2mA) Vor 
Notes) 1. Icc depends on output loading condition when the device is selected. Icc max 1s specified at the output open condition. 


© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 © (415) 589-8300 599 





HM 50256 Series 


MRCAPACITANCE (Vcc=5V110%, Ta=25°C) 


ee [Address Dawes |e | 
a 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS= Vw to disable Dout. 


MELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to +70°C, Vecm5V+10%, Vss= OV) 1» 11 


t 
Unit | Notes 


Parameter Symbol 


HM50256-12 | HM50256-15 | HM30256-20 | | > 
! 


min | max | min | max | min | max 


Random Read or Write Cycle Time 220 260 330 
Read-Write Cycle Time ee | ewe | 265 | | 310 = 390) 
RAS to CAS Delay Time 25 25 30 
Access Time from RAS | 
Access Time from CAS | 
Output Buffer Turn-off Delay 
Transition Time (Rise and Fall) 
















RAS Precharge Time _ 120 

RAS Pulse Width 200 

Saas SS 
RAS Hold Time 100 —— 
CAS Hold Time _ 200 : S es 
CAS Pulse Width 10000 ns 

CAS to RAS Precharge Time 10 


\ 


lilalelale ala ala 
" 7 td gy G 7] t nin Gi yn 


Row Address Set-up Time 

Row Address Hold Time 

Column Address Set-up Time 

Column Address Hold Time 

Column Address Hold Time referenced to RAS 


{ 


G 








Read Command Set-up Time 

Read Command Hold Time referenced to CAS 

Write Command Set-up Time iwcs 8 
Write Command Hold Time S = 
Write Command Hold Time referenced to RAS ns 

Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to CAS Lead Time eae 
Data-in Set-up Time . 
Data-in Hold Time | tow | 8.9 
Data-in Hold Time referenced to RAS —_— 
RAS to WE Delay trwp 

CAS to WE Delay 8 
Page Mode Read or Write Cycle ee 
Page Mode Read Modify Write Cycle tpcM 


CAS Precharge Time, Page Cycle 


Refresh Period REF 

CAS Set-up Time | tese | 
CAS Hold Time (CAS before RAS Refresh) __ 
RAS Precharge to CAS Hold Time trPc 7 = ae ns 
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——HM 50256 Series 


Notes 


L. 


AC measurements assume (7 = Sns. 


twcs, ‘tcwp and trwp are not restrictive operating 


2. Assumes that 'pcp S trcp (max). If (rcp is greater parameters. 
than the maximum recommended value shown in this They are included in the data sheet as electrical 
table, fp 4c exceeds the value shown. characteristics only; if twos 2twcsg (min), the cycle 
3. Measured with a load circuit equivalent to 2TTL loads is an early write cycle and the data output pin will 
and 100pF. remain open circuit (high impedance) throughout the 
4. Assumes that (pcp 2 trcp (max). entire cycle; if tcwp 2 tcwp (min) and trewp 2 
5. tOFF (max) is defined as the time at which the out- tRwp (min), the cycle is a read-write and the data 
put achieves the open circuit condition and output output will contain data read from the selected cell; if 
voltage levels are not referred. neither of the above sets of conditions is satisfied the 
6. Vizy (min) and Vz; (max) are reference levels for condition of the data out (at access time) is indeter- 
measuring timing of input signals. Also, transition minate. 
times are measured between V7;, and V7,. These parameters are referenced to CAS leading edge 
7. Operation with the frcp (max) limit insures that in early write cycles and to WE leading edge in delayed 


trac (max) can be met, fpcp (max) is specified as a 
reference point only; if trcp is greater than the 
specified fpoep (max) limit, access time is controlled 


write or read-modify-write cycles. 
An initial pause of 100us is required after power-up 
then execute at least 8 initialization cycles. 


At least, 8 CAS before RAS refesh cycles are required 
before using internal refresh counter. 


exclusively by tc4c. 11. 


TIMING WAVEFORMS 
@READ CYCLE 





Vie 





Va 


. Leemnoal 
" SOEs 


ume "7K KOR ie KZ 7D 


eee 
Vw | - 1 
we LLALLL/ XL. 
~ x Se —_s 
Note) [7/7 : Don’t care 
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HM 50256 Series 


@WRITE CYCLE 


" [$8 + 
Vie 
\in 
Vi 

tase 
Vim 


J 
a 


t 


= eS 


A Row ; } olumn J ee 
ee, y, a —& 
1 iar earn 
aan 
tucu 


"OT LA Moa I TTT TL. 
eer 
i TTI vse“ K// 7/7 LL 


Von High Impedance *2 
Vou 
Notes) *1 7/77]. Don’t care 


* 2. twos S twos (min) 


@ READ MODIFY WRITE CYCLE 


tauc 


iW 
, aon = 





= 


Vn =a 
CAS 
WL 
t 


"Dk es KOM ee KL 


Address 


VLU 


\ 


LEELA 8 KCL 
a 


torr 


Sou A icc (| Vahd Data » 
Vou 


Notes) *1./77). Don’t care 
* 2. tawo = tawo( min) 


town = tcwo(min) 
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rr nner HM 50256 Series 


@RAS ONLY REFRESH CYCLE 
tac 
mi ;— 
Vie 


tr 


HM, Se CUshha, Ushhdi 


low High Impedance 
Dout \ 
aL 


Notes) *1.[77]: Don't care 
%* 2. Refresh Address AOQ-A7(AX0-AX7) 


@HIDDEN REFRESH CYCLE 


tre 


(RAS (Ras (ap 
Vin (Read | janet | (Refresh) (Refresh) —— 
RAS 
tar 


taco tcas 


tcur | 


CAS i 
Vee tasr 
Vin 


si "EWES K/L LLL OK Ke 





‘ies ncn 
= Vin Vj . an 
* YLLG WM 
Vii tcac 
torr 
Dout ‘om 4 Valid Data 


Vor 


Note) : Don’t care 


@CAS BEFORE RAS REFRESH CYCLE 





wt Vim 
RAS 
Vn 
Vin 
CAS 
Van 
Vin 
Addres Non keane 
Vie 
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HM 50256 Series 


@COUNTER TEST 


RAS 


CAS 


Address 


RAS 


CAS 
s 


sm K=O Sia 






trp 
un aes 


(Refresh) (Read/Write) 


(cur tcas 


tcp 
Vin eae 


-_ 
~ 
4 
~ 
> 
a 


tres (RCH 


Notes) *1.£/77: Don't care 
* 2. Dotted Line Means Read Cycle. 







Vi 
tec 
teas 
- a —_ 
Vie _ 
lAyk 
{CAH 

77 

R C 

A 


Ee ES OLED 





Note) VZA > Don’t care 


© HITACHI 


604 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 





HM 50256 Series 


@PAGE MODE WRITE CYCLE 


RP 
RAS Vin ay 


Vit 
{cas 
tasr tasc 
(CAH 
"2? 
} Col. 
twcs twes | 


1, 0 


- 


aL 


=" ole Alley rr | zzz 


tos 


Vi 


M/s, aw Ul, Se YH, 83 GU 


iL 


- 


Von High Impedance * 2 
‘ 5 
Von Notes) *1.(7/7]: Don't care 
% 2. twos & twos (min) 





Dout 


@ PAGE MODE READ MODIFY WRITE CYCLE 


{RAS inp 
C. 


(Can, 


| 


x= 
> 
wn 
seein 
aad 
pa 
~ 
» 
8 
~] 
si 
s 
~ 
an 
— 
<= 





taser 


nie SEK EXD Ce OK % XLIL 


{hud 
ts 


nese 
eae CKD EK K LL. 
toa TT 


ees ae Pie 
tcwo 2 town (min) 
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HM51256 Series 


262144-word < 1-bit CMOS Dynamic Random Access Memory 


eFEATURE 
@ 262, 144 word x 1 bit DRAM 
@ Double layer Poly-Si/Policide Process, high performance CMOS 
@ Power supply voltage: 5V + 10% 
@ Access time 
Row access time: 85/100/120/150ns 
Address access time: 40/45/55/70ns 

@ Cycle time 

Random read/write cycle time: 155/180/210/250ns 

High speed page mode cycle time: 50/55/65/80ns 
Lower power 

Standby: 11mW (TTL Level) 

1.1mW (CMOS Level: L-version) 

Active: 385/330/275/220mW 

Refresh: 256 cycles/4ms 
256 cycles/32ms (L-version) 
Refresh function: RAS only refresh, CAS before RAS refresh, 
Hidden refresh 

High speed page mode capability 
Edge triggered write capability 
@ Fast CAS output control 





a ORDERING INFORMATION 





Type No. Access Time Package 
HMS1256P-8 85ns 
HMS51256P-10 100ns 300 mil 16 pin Plastic 
HM51256P-12 120ns , DIP 
HMS1256P-15 150ns | 


HMS51256CP-8 - 
HMS51256CP-10 
HMS51256CP-12 


ae += 
100ns 18 Pin PLCC 


120ns 


t 


HM51256CP-15 150ns | 

HMS1256LP-8 85ns 

HMS51256LP-10 100ns , 300 mil 16 pin Plastic 
HMS1256LP-12 120ns DIP 

HM51256LP-15 150ns 


| 

i ee ae 
| 
| 


HMS 1 256LCP-8 85ns 

HMS 1 256LCP-10 100ns | 

HMS1256LCP-12 120ns repels 
150ns | 


HMS1256LCP-15 





HMS 1 256ZP-8 85ns 
HMS1256ZP-10 100ns 
HM51256ZP-12 120ns 


HMS1256ZP-15 


HM51256LZP-8 

HMS1256LZP-10 
HMS 1 256LZP-1 2 
HMS51256LZP-15 








16 pin Plastic 
85ns ZIP 
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HMS5 1256P Series 
HMS51256LP Series 


rm 


(DP-16B) 


HMS51256CP Series 
HM51256LCP Series 


sl 





(CP-18) 


HMS51256ZP Series 
HM51256LZP Series 





(ZP-16) 
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HM51256 Series 


W@ PIN ARRANGEMENT 


@ HM51256P Series @ HM51256CP Series @® HM51256ZP Series 
HM51256LP Series HM51256LCP Series HM51256LZP Series 

pe ee eee he Aco—As Address Inputs 
CAS Column Address Strobe 
Din Data In 
Dout Data Out 
RAS Row Address Strobe 
WE Read/Write Input 
Vec Power (+5V) 
Vss Ground 


Avo—A; Refresh Address Inputs 





(Bottom View) 


Al Vec A? 
(Top View) (Top View) 

@ ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to Vsg ... 0... ee -1V to +7V 
Operating temperature, Ta (Ambient).......... 0°C to +70°C 
Storage temperature ................... -55°C to +125°C 
Short circuit output current ..............0..0.000. 50mA 
Power dissipation .................. ge Acai arith on See 1W 
& BLOCK DIAG RAM Din Dout 

WE o RW Clock | | 





Generator Data in Data out 
Buffer Buffer 
TAS C'S Clock ca 


@ 
Generator 


RAS © RAS Clock 
Generator 


Refresh 
Control a 


Row 
Address 
Buffer 


Row Decoder | 
lee Ome 
7 a 


@ RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Parameter | Symbol | min 
Supply Voltage | Mee | 5 
Input High Voltage ee 


Input Low Voltage Vit 













Memory Array 
262,144 bits 





Column Decoder 








Sense Amps and I/) Gates 


Address 
Counter ae 





\eg 





Column 
\ddress 
Buffer 






‘Ao 





eae ne 
a 
ee 
Baie Gs a 


Note) 1. All voltages referenced to Vss 
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MIDC ELECTRICAL CHARACTERISTICS (7a=0 to +70°C, Vec=5V+10%, Vss=0V) 


Parameter Symbol 
Operating Current (RAS, CAS Cycling: tec =min) 
Standby Current (RAS= Vin, Dout = High Impedance) hoe 
"Refresh Current (RAS only Refresh, ‘ec =min) 
Standby Current (RAS = Vin, Dout Enable) 
Refresh Current (CAS before RAS Refresh, fac = min) 
High Speed Page Mode Supply Current (RAS= Viz. CAS Cycling, fec=min ) 
Standby Current (RAS, CAS = Vic —0.2V) 
Input leakage (0<Vin<7V) Iu 
Output leakage (0< Viu.<7V, Dout = Disable) aha 
Output levels High (Jou = —5mA) Vou 


Output levels Low (Jiu =4.2mA ) Vo. 





Notes! 1b /ee depends on output loading condition when the device 1s selected /¢ max. 1s specified at the output open condition 
2 This specification is guaranteed only for L version : 


ME CAPACITANCE (Vec=5V+10%, Ta=25°C) 


Parameter 


Address, Data-in 


Clocks Cr 


Data out 













Input Capacitance 





Output Capacitance 


Notes) 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS=— Vin to disable Dout 


@ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to +70°C, Vec=5V+10%, Vss=0V) 
@ Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 


HM51256-8 | HM51256-10) HM51 


min | max | min 












296-12] HM51256-15 


ma Unit | Notes 
250 | — | 
an ee ee 


— 


Parameter Symbo 


Random Read or Write Cycle Time tre 
RAS Precharge Time trp 
R 


RAS Pulse Width tRAS 
CAS Pulse Width tcas 
Column Address Set-up Time tasc 
Column Address Hold Time tc AH 
Column Address Hold Time to RAS ta 


noir _ 
BRO] SQ | BO DOT alts 
— 
= 
~) 
S 
on S 
S 


RAS to CAS Delay Time treo | 90 | 115 8 
RAS to Column Address Delay Time trap 55 65 80 9 
RAS Hold Time trsu eee | _ 


CAS Hold Time tcsu 
CAS to RAS Precharge Time torp 


—_ 
> 
i) 


Ww on 


m lolol! oro — milan alg 
COiAlola!s an AL ais | 


Row Address Set-up Time tAsR 


w|i] w 


Rees 

a 

aw 
50 





10 
LS ae] 
Row Address Hold Time 10 15 20 
Transition Time (Rise and Fall) 3 3 ns i 
Refresh Period la 4 | = | | 4 | - {4 | ms 
=f eS [az | - | 32 | ms | ai 

@ Read Cycle 

ay HM51256-8 |HM51256-10[HM51256-12[HM51256-15| || 

max | min | max max | min | max 

Access Time from RAS a 85 = | 120 | — | 150 | ns | 2,3 
Access Time from CAS Pee 30 = | 35 | ns | 340 
Access Time from Address taa | = | 40 | - | 45 | 55 | — 70 | ons | 3,5,14 
Read Command Set-up Time 7 | tees | oO | - | of - | po 0 = | ons | 
Read Command Hold Time to CAS o0|-|]|o]-f{of-][o [| - | ns] 
Read Command Hold Time to RAS 10 SR es _ 
Column Address to RAS Lead Time 40 | = | 45 | = | 95 | — | 70 | — | ns | 
Output Buffer Turn-off Time | tor | 0 | 20] 0 | 2 | 0 | 30[ 0 | 35 Pons _| 6 
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HM51256 Series 


@ Write Cycle 
HMS51256-8 | 
Parameter Unit | Notes 
_min | max | min | max | min | max | min | max | 
Write Command Setup Time Oe 
Write Command Hold Time 20 | - | 2 | - | 30 | -— | 35 |] | 
Write Command Hold Time to RAS 65 | - | 3 | — | 9] - | 115 | — | ns | 
Write Command Pulse Width Tw» [i [-|[a[-|s{-|[al-| 
Write Command to RAS Lead Time ree | 20] = [as P= Pa pa a [ne 
Write Command to CAS Lead Time eur [=] [- [oo t- [el -]os 
Data‘in Set-up Time a ee eee ee eT 
Data-in Hold Time | tow | 15 | - | 2 | - | |] - | 30 | - | ne [i001 
Datain Hold Time to RAS tone [ot |= [os [= [oo | [l= To | 
@ Read-Modify-Write Cycle 
. HM51256-8 |HM51256-10) HM51256-12! HM51256-15 
— _ in ee in [ me oe i [re] as 
Read- Write Cycle Time trwc | 1g0 | — | 210} — | 245] — | 290] - | ns | 
RAS o WE Dea Tine ime [05 | ~ pw | — frm] — fa [Pm | 
EAS wo WEDelay Tie ee ee 
Column Address to WE Delay Time tawo ao | - | 45 { - | 55 | - | 70 | - | ns | 10 


@ Refresh Cycle 


eo) 
= 
on 
_ 
31a 
AE 
* on 
- 
p=) 
= 


CAS Set-up Time (CAS before RAS Refresh) 
CAS Hold Time (CAS before RAS Refresh) 
RAS Prechange to CAS Hold Time 


Parameter Sm 





@ High Speed Page Mode Cycle 


Parameter Symbol 





nin [ax | in [man] min [max | min [mae | 
High Speed Page Mode Cycle Time m | 0 | —| 55] —| 6 | —- || - | ne [tea 
High Speed Page Mode RAS Pulse Width 55 |75000 75000 75000 75000} ns | 19 
EAS o Second WE Delay Tine | — [aos] — [ras] — [iss - Pom 
CAS Precharge Tin o[—[s[-[a]- [= [- fo 
Wet valid Tie o{-[e[-[s|-[s[-[e 
Access Time from Column Precharge Time — | 45 | - | 50 | - | 60 | - | 75 | ns | 20 
@ High Speed Page Mede Read-Modify-Write Cycle 
HM651256-8 |HM51256-10] HM51256-12|}H M51256-15 
dais mime’ [in [imax [min max: [min [max | min [max | [°° 
min 
High Speed Page Mode Cycle Time on Read- Write 85 ) = | 95 | - [us| - | 145 | - | as | 12 
neces Tine rom Previous WE —fa | -|o|- [nol - [rol [an 
Previous WE to Column Address Delay Time 20 } 40 | 25 | 45 | 30 | 55 | 35 | 70 | ns | 15 
Notes: 1. AC measurements assume [7 = Sns. 
2. Assumes that tpcp StrRcp (max) and trap StRAD (max). If trcp or tRAD is greater than the maximum 
recommended value shown in this table tRAC exceeds the value shown, 
3. Measured with a load circuit equivalent to 2TTL loads and 100pF. 
4. Assumes that trcp 2 tRCD (max) and tRAD S tRAD (max). 
5. Assumes that trcp S tRCp (max) and tr4p 2 tRAD (max). ae 
6. toFF (max) is defined as the time at which the output achieves the open circuit condition and is not re- 


ferenced to output voltage levels. 
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HM51256 Series 


7. VyH (min) and V7z (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between V7y and Vj77. 
8. Operation with the tpcp (max) limit insures that tp 4¢ (max) can be met, tRCp (max) is specified as a reference 
point only, if trp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tC4c. 
9. Operation with the tp 4p (max) limit insures that tp_4¢ (max) can be met, tp 4p (max) is specified as a Re- 
ference point only, if tp4p is greater than the specified tp. 4p (max) limit, then access time is controlled 
exclusively by t4 4. 

10. twcs, tRWD. tCWD and t4wp are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if twos 2 twcs (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tpwp 2 trwp (min), tcwp 2 tcwD 
(min) and t4wp 2 tawp (min), the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. — Las 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

12. tRWPC (min) = t4 wp (min) + tw,ap (max) + tT. 

13. Assumes that tw4ap S twAp (max). If twp is greater than the maximum recommended value shown in this 
table, tpy4 exceeds the value shown. 

14. Assumes that tw4p 2 tw4p (max). 

15. Operation with the tw, p (max) limit insures that tpy,4 (max) can be met, tw,4p (max) is specified as a 
reference point only, if twp is greater than the specified tw,4p (max) limit, then access time is controlled 
exclusively by t4 4. 

16. An intial pause of 100us is required after power-up then execute at least 8 initialization cycles. 

17. At least, 8 CAS before RAS refresh cycles are required before using internal refresh counter. 

18. Assumes that t4sc = tcp —5 ns. 

19. tRaAPpc is determined by RAS pulse width in High Speed Page mode cycle. 

20. Access time is determined by the longer of t44, tCAC or tCAP. 

21. This specification is guaranteed only for L-version. 


MTIMING WAVEFORMS 
@ Read Cycle 


tRc 


~ NC rF 
LASR 
A 


sires aa == KT 


a a ine 


= TN "| XL 


es LL) ix, 


tcrP 


Note ) : Don’t care 
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@ Write Cycle ais 





se ik OTT. 
TWN | TTT 


tos 


m TILTTTLPA LLL LLL LLL LL. 


*2 
joi ese 


; 1.9 // . t, 
@ Read Modify Write Cycle "e teas 


TRU 
~ ee = 


Ie ise 
ie = 
La 
= TMM | = TTT 


=I 
. <= 


Notes) *1 {77/77/ : Don't care 
Rup = trwp (min) 


*2.1 
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(min) 
mi 





HM51256 Series 





@RAS Only Refresh Cycle es 
aaa 
a a 
«= W777TTD ZT 


tasR {RAH 


eT ne MT I TI I 









Dout Open 
Note) (7/7): Don't care 
@ Hidden Refresh Cycle 
trc 
RAS —— inp = 
CAS tase A _ 
tar| | 
aoe 
Address | PLEX i" Column ee LILLLLILLLLLLLAMLALMLALAAAMAAAMAMAMAL LMA AMM 
eet 









k NCLLILLLLLLLLLLLLAMAAALLA AMAL A ALLA LL ALA 


Dout 





Read Refresh 





Note) 77: Don’t care 


~ 
> 
nN 





CAS _ CLIT ITA LALIT | 


‘ie 


pddress “LAPIS ITIL IIIS AI LILI I II I LIT II PII PIII TIL 





Dout Open 


Note) > Don’t care 
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sen A can 2 (7 ‘- eon 


@ High Speed Page Mode Write Cycle 


RAS 


» LLMLLLLLLR 





Open* 2 


Dout —— 
@ High Speed Page Mode Read Modify Write Cycle pea ab net 








af fe 
tas] Ltn | 
OK= N=) 
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HM51258 Series 


262144-word x 1-bit Static Column CMOS Dynamic RAM 


The HM51258 is the 262,144 word by 1 bit static 
column dynamic random access memory utilizing the 
Hitachi 2um CMOS process. 

This device has static column circuit and it is good for 


high performance main storage or for page access 
applications. 
While the row circuitry is still dynamic, and it controls p } 


the power consumed in the static circuitry. It realizes 
very low power dissipation. 





Multiplexed address and the 16 pin pinout are com- (DP-16B) 
patible with the fully dynamic 256K DRAM 
HM50256. 

ePIN ARRANGEMENT 
=» FEATURES 


@ 262,144 word x 1 bit SCRAM 

@ Double layer Poly-Si/Policide Process, high 
performance CMOS 

@ Power supply voltage 5V + 10% 

@ Access time 
Row access time: 85/100/120/150ns 
Address access time: 40/45/55/70ns 

@ Cycle time 
Random Read&Write cycle time: 155/180/210/250ns 
Static Column cycle time: 45/50/60/75ns 

@ Lower power 
Standby: 11mW (Top View) 
Active: 385/330/275/220mW 

® Input and output: TTL compatible 

@ Refresh: 256 cycles/4ms = PIN DESCRIPTION 

@ Refresh function: RAS only refresh, CS before 2 
Sates in Name Function 
RAS refresh, Hidden refresh AQ=A6 | Addieas inputs 

@ Static column mode capability as Chip select 

Edge triggered write capability Din era 

@ Fast CS output control Houe | pata our 


RAS Row address strobe 
WE Read/Write input 
Vec Power (+5V) 

Vss Ground 





ORDERING INFORMATION 


Access Time 








HM51258P-8 AO—A7 | Refresh address inputs 
HM5 1258P-10 300 mil 16 pin Plastic 
HMS51258P-12 DIP 


HMS51258P-15 
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= HM51258 Series 


eure R/W Clock 
ee 


ts CS Clock 
Generator 


®# BLOCK DIAGRAM 


RAS RAS Clock 
Generator 


Memory Array 
262,144bits 


a 
3 
3 
saa ae 
S| % 
2) 4 
E| i 
<1 
e | 0 
fs 
3 





Vcc O—> 
Vas 
Vss O-= Generator 


# ABSOLUTE MAXIMUM RATINGS 


~y 





Parameter Symbol Unit 
Voltage on any pin relative to Vgg V 
Supply Voltage relative to Vgg Voc V 
Short circuit output current mA 
Operating temperature °C 
Storage temperature T stg °C 


= RECOMMENDED DC OPERATING CONDITIONS (7, =0 to +70°C) 


Parameter 
Supply voltage 
Input high voltage F 
Input low voltage -1.0 


Note) All voltages referenced to Vgg. 


» DC ELECTRICAL CHARACTERISTICS (Vcec=5V+10%, Vss=0V, T,=0 to +70°C) 


Unit 


- 
ao] 


N 
> 
nl wn 
Uj} wn 
< 


HMS12 


1) 


HM51258-8 |HM5 1258-10 8-15 


min | max | min 


Parameter Sybmol Test conditions nit | Note 


NS 


S, CS Cychng. tRC=min. 
AS=V 7H. Dout=High Impedance 
AS only Refresh, tRC=min 
AS=V7H, Dout Enable 

CS before RAS Refresh. tpC=min 

Static Column Mode, 


| 


R 


~~) ~ 
EEE 


Operating current | JCC 
Standby current 
Refresh current 


— 


= 


[el 


Standby current 


nin 
it i 
we 
> 


Refresh current 


a 


slsla|s 
12/8 


C5 
Operating current | /CC6 


3 
5 


3 
a 
Y 
S 
Ty 





Input leakage Try | Vin=0 to 7V 


Output leakage Vourt=0 to 7V 
Ouiput high voltage | 
Output low voltage | Vou [lour=42mA___————~«diC~_O fa | | 


Note) 1. [CC depends on output loading condition when the device is selected. 
ICC max is specified at the output open condition. 
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~ 3 
2) 
Ele] 3 ls3/s/s/3/3] ¢ 
<|<|5)5] 3 {3 (2/3 18)/3| £ 


N 
> 


N 
>a 
N wn |e wr w 
a Olan Olwio 


HN51258 Series ——_____—____—__—_—————_——_—_——_—_—_—_—_—_——_—_—_————_—_—_—_—__ 


m CAPACITANCE (Vcc=5V + 10%, Ty=25°C 


Parameter Symbo 


Address, Data-In Cr 


Data-Out 


ww’ 

















Note) 1. Capacitance measured with 
Boonton Meter or effective 
capacitance measuring method. 

2. CS=V;4; to disable Dout. 


Note 


been 


Input capacitance 











ale 
fe) 


Output capacitance 


= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (7, =0 to +70 °C, Voc =5V+ 10%, Vsg = OV) 


@ Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 





Random Read or Write Cycle Time tec [155 | — | 180} - | 210] - | 250] - | ns | 
“RAS Precharge Time eee | [=] 7-1] oo | 0p Pe 
RAS Pulse Width tRAS | 55 |10000{ 65 |10000| 75 |10000] 95 {10000} ns | 
CS Pate Wieth ores Ca 
RAS 10 CS Delay Time rencb | 20] 0] 25] 75| 25} 90[ 30 TIS] ms [8 
RAS to Column Address Delay Time ‘trap | 15 | 45[ 20] 55] 20] 65 {| 25 | 80] ns | 9 
"RAS Hold Time — sn [20 - [as - [of - [3s - Las] 
CS Hold Time Cees [85 |= [100 [ — 120} — [150 — [as 
CS to RAS Precharge Tine Creme [10] [10] -f 10] - | 10 [| os | 
Row Address Set-Up Time fee eet aap oft afta 
Row Address Hold Time errr ee 
Transition Time (Rise and Fall er | 3) 5013] 30] 3] sof 3] so] ms [7 
Refresh Period mept-bet-Lat-t «l-t «les 
@® Read Cycle 
Access Time from RAS !trac | — | 85{ — | 100 120 150 2, 3 
Acces Time from 63 ete raret a ate ate 
Access Time from Address ftaa | - [| 40[ - | 45 | — | ss] - | 70] ns [3,5,14 
Column Address Hold Time to RAS on Read | t4R | 85 | —- | 100} - | 120] - | 150] - | ns | 
Read Command Set-Up Time me) ofa, =| of | ol sms 
Read Command Hold Time to CS tRCH ito | =] Of ~ | of} - [ ns | 
Read Command Hold Time to RAS tRRH | — | | - | 10{ - | 10] = | as | 
Column Address to RAS Lead Time tRAL | 40{ - | 45] - | 55] - | 70] - | ns | 
RAS to Column Address Hold Time tAH See 16 
Output Hold Time from Address tOH | 5] = | 3 | ~ | 5{ - {| 5] - | ns | 
Output Buffer Turn-off Time tOFF | of 20] of 25{ Of 30] O| 35] ns | 6 
@ Write Cycle 
Column Address Set-Up Time tASC 
Calo Adis Hod Tin a 
Column Address Hold Time to RAS on Write | ‘AWR | 60 { - | 75] -— | 90] - [110] - [| ns | 
Write Command Set-Up Time a Ce eee 10 
Write Command Hold Time twCH | 254 ~ | 30] — | 35] - | as | 
Write Command Hold Time to RAS tWCR | 65 {| —- | so} - | 95] - | us] - | ns _ 
Write Command Pulse Width twe | 15} - | 20] - { 25] - | 30] - | ns | 
Write Command to RAS Lead Time 'trwe | 20| - | 25] - | 30[ - | 35] - | ns | 
Write Command to CS Lead Time |tcw. | 20] - | 25] - | 30] - | 35] - | ns | 
Daten Setup Tne os | of -] of -} of -] of - [| a 
Data-in Hold Time Cpe | is} =| 20] 2s] = | 30, | as 0, 
Daten Hold Time 19 RAS a 


(to be continued) 
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@ Read-Modify-Write Cycle 
HM5 1258-8 |HMS 125 8-10/HMS5 1 258-12}HM51258-15 ; 
Parameter Symbol - Unit |Notes 


rin [mex 


Output Hold Time from WE tOHW 


Read-Write Cycle Time tRWC Soe 210 245 290 

RAS to WE Delay Time tRWD 100 120 150 10 
CS to WE Delay Time tCWD 10 
Column Address to WE Delay Time ons 10 


@ Refresh Cycle 

CS Set-up Time (CS before RAS Refresh) | 
~ CS Hold Time (CS before RAS Refresh) 
RAS Precharge to CS Hold Time 


@ SC Mode Cycle 
SC Mode Cycle Time on Read 
SC Mode Cycle Time on Write twSC 
RAS to Second WE Delay Time 
SC Mode RAS Pulse Width 
CS Precharge Time 
Write Invalid Time 


@ SC Mode Read-Modify-Write and Mixed Cycle 
SC Mode Cycle Time on Read-Write 
Access Time from Previous WE 
Previous WE to Column Address Delay Time | twA 
Column Address Hold Time to Previous WE 


Notes: 1. AC measurements assume ty = Sns. 

2. Assumes that trcp © trcp(max) and trap St rap(max). If trcp or trap is greater than the maximum 
recommended value shown in this table, fp 4¢ exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads and 100pF. 

Assumes that tpcp 2! rcp (max) and tRAD StRAD (max). 

Assumes that tpcp Strcp(max) and trap 2 trap (max). 

torr (max) is defined as the time at which the output achieves the open circuit condition and is not re- 

ferenced to output voltage levels. 

7. Vyzy(min) and V7; (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between V7; and V7, . 

8. Operation with the top (max) limit insures that fp 4c (max) can be met, fp op (max) is specified asa reference 
point only; if ‘rcp is greater than the specified tpcp(max) limit, then access time is controlled exclusively 
by fcac- 

9. Operation with the tp,4p(max) limit insures that tp~c(max) can be met, fp4p(max) is specified as a re- 
ference point only; if tp4p is greater than the specified tp 4 (max) limit, then access time is controlled ex- 
Clusively by faa. 

10. twos. ‘(rwp: tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only’ if twos 2 twcg(min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tpwp 2 trwp(min),tcwp 2tcwp(min) 
and tawp 2 tawp(min), the cycle is a read/write and the data output will contain data read from the selected 
cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is in- 
determinate 

11 These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles 

12 trwsc(min) =tawp (min) +twap (mar) t+tr 

13. Assumes that twAD S twAD(max). If twAD is greater than the maximum recommended value shown in this 
table. tpw exceeds the value shown. 

14 Assumes that tw4p 2 twap(max). 

15. Operation with the tw,p(ma\) limit insures that tpw4 (max) can be met, tyw,ap(max) is specified as a re- 
ference point only, if fw,p is greater than the specified ft y4 p(max) limit, then access time is controlled ex- 
clusively by t,4 4. 

16. tap is defined as the time at which the column address hold. 

17. An initial pause of 100us is required after power-up then execute at least 8 initialization cycles. 

18. At least, 8 CS before RAS refresh cycle are required before using internal refresh counter. 
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HM51258 Series 


# TIMING WAVEFORMS 
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HM51258 Series 


@ Read-Modify-Write Cycle = {awe 
: 
peal | 
a. 
. DX NTA = TT MITTEE 
aT [P= 
TTA | WOT 
petal TTT 
a 


. Ck | = KZ 
* 2. trwo = trwp(min) 


t cwo=tcwo(min) 
tawo= tawo(min) 


@ RAS Only Refresh Cycle tac 
mal 
(rec 


LITLE TILL. 


Qa 
Qa 


Addres 


- 
tI 








oon 
7 


{RAH 


taSR 


ELL AT I OTILILIS ILI LL LLL LY, 


Address 


Open 
Note) * Don’t care 


@ Hidden Refresh Cycle 





RAS 
cs 
Addre 
WE LZ 
Dout % : hs 
foamed fl ferent ______. ; 
Note ) : Don’t care 


619 


HITACHI 
Hitachi America, Ltd. « Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HM51258 Series 


@ CS before RAS Refresh Cycle 
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HM51258 Series 
@ Static Column Mode Read-Modify-Write Cycle 
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HM51258 Series 





@ Static Column Mode Mixed Cycle-2 
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HM 514256 Series 


262144-word x 4-bit CMOS Dynamic RAM 


The Hitachi HM514256 Series is a CMOS dynamic RAM or- HM514256P Series 
ganized 262144-word x 4-bit. HM514256 has realized higher 
density, higher performance and various functions by employing 
1.3 um CMOS process technology and some new CMOS circuit 
design technologies. The HM514256 offers Page Mode as a high 
speed access mode. 

Multiplexed address input permits the HM514256 to be 
packaged in standard 20-pin plastic DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP. 


Features (DP-20NA) 
@ HighSpeed ..... Access Time 80/100/120ns (max) 1M514256JP Series 
@ Lower Power .... Active 363/302.5/258.5 mW (max) 


Standby 11 mW (max) 


@ Single 5V (+10%) 

@ Page Mode 

@ 512 refresh cycle ........... 8 ms 

@ 2 variations of refresh ........ RAS-only refresh 


CAS-before-RAS refresh 


Ordering Information 





Type No. Access Time Package (CP-20D) 
eer eons HM514256ZP Series 
HMS 14256P-10 100ns 300 mil 20-pin Plastic DIP 
HMS 14256P-12 120ns 
HMS5 14256 JP-8 80ns 
HMS514256JP-10 100ns 300 mil 20-pin Plastic SOJ 
HMS514256JP-12 120ns 
HM5 14256ZP-8 80ns 
HM514256ZP-10 100ns 400 mil 20-pin Plastic ZIP 
HMS5 14256ZP-12 120ns 


(ZP-20) 





Pin Arrangement 


Pin Description 
HM514256P Series HM514256JP Series HM514256ZP Series oe 


AO—A8 Address Input 
~ AO-A8 Refresh Address Input __ 
‘1/O1-1/04 Data Input/Data Output 
OE Output Enable 
RAS Row Address Strobe 
WE Read/Write Input 
Vcc Power (+5V) 
Vss Ground 


Hitachi Pin No. 
JEDEC PinNo. 


(Bottom View) 


(Top View) (Top View) 
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HM514256 Series 


Block Diagram 
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Column Address Buffer 


Row Address Buffer 





Absolute Maximum Ratings 


Voltage on any pin relative to Vgg....... -1V to +7V 
Operating temperature, Ta(Ambient)..... 0°C to +70°C 
Storage temperature (Ambient) ......... -55°C to +125°C 
Power dissipation ..........00 0000 ee 1W 

Short circuit output current ........... 50 mA 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol Min Typ Max Unit 

Supply voltage Vcc 4.5 5.0 5.5 Vv 
Input High voltage VIH 2.4 — 6.5 Vv 

1/O Pi Vv —1.0 _ 0.8 
Input Low voltage BOM coco oY ai cars Vv 

Others ViL 2.0 _ 0.8 
Note: All voltages referenced to Vgg. 
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HM514256 Series 


DC Characteristics (Voc = 5V 10%, Vs = OV, Tq = 0 to +70°C) 





ieaicree SoniGal HM514256-8 HM514256-10 HM514256-12 Unit aes eanaii: Not 
$$ nrnnnrnermeemenmeens Uni e 
? Min Max Min Max Min Max PU See nee — 
Operating RAS, CAS cycling, 
current Icc1 = 66 7 55 = 47 A tRc = Min. 1,2 
RAS, CAS=V7 TTL 
Standby 7 2 = 2 - -High- reat 
Seat Icc2 mA Dout=High-Z interface 
3 \ 5 \ o i RAS,CAS2Vcc-0.2V CMOS 
Dout=High-Z interface 
Refresh RAS-only refresh, 
current Icc3 7 66 ~ cs - 470 mA tRC=Min. 4 
Standby _ : RAS=V 747, CAS =V7,, 
current ICCs ~ 2 : ; mA Dout enable : J 
Refresh CAS-before-RAS refresh, 
current ICC6 ~ 66 ~ 2 > a me tRC = Min. 
Operating Page mode, RAS = V7z, 
current Iec7 ~ 66 ~ 55 ~ 47 mA CAS cycling, tpc = Me 1,3 
Input leakage Ip] ~10 10 -10 10 -10 10 MA Vin =0 to +7V 
Output Vout = 0 to +7V, 
leakage LO -10 10 —10 10 ~10 10 HA Dout = disable 
A Vi ; : = 
Ouesuiievels VOH 2 cc 2.4 Vcc 2.4 Voc V Ion=-5mA 
VOL 0 0.4 0 0.4 0 0.4 V Io, =4.2mA 
Notes: 1. [cc depends on output loading condition when the device is selected. [¢¢ max. is specified at the output open 
condition. 
2. Address can be changed less than three times while RAS = V7z. 
3. Address can be changed once or less while CAS = Vyy. 
Capacitance (Vcc = 5V + 10%, Ta = 25°C) 
Parameter Symbol Type Max Unit Notes 
ee ee Address Cr _ 5 pF 1 
nput Capacita ——————— rrr ree tre 
staid RAS, CAS, WE, OE _CI2 is 7 pF 1 
: Data input/Data Cr/O 
Input/Output capacitance output / = 10 pF 1,2 
Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vy# to disable Dout. 
AC Characteristics (Vcc = 5V +10%, Vss = OV, Ta = to +70°C)*12"10>* 11 
Test Conditions 
@ Input rise and fall times: 5ns 
Input timing reference levels: 0.8V, 2.4V 
Output load: 2TTL Gate + C; (100pF) (Including scope and jig) 
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HM514256 Series 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 
HMS514256-8 HM514256-10 HM514256-12 


Parameter Symbol ar Mac Mn Mk MG Mae Unit Notes 

Random read or write cycle time tRC 160 _ 190 — 220 — ns 
RAS precharge time trp 70 80 = 90 = ns 
RAS pulse width tRAS 80 10000 100 10000 120 10000 _ ns 
CAS pulse width tCAS 40 10000 50 10000 60 10000 ns 
Row address setup time taSR 0 _ 0 _ 0 — ns 
Row address hold time tRAH 12 ~ 15 _ 15 ~ ns 
Column address setup time tasc 0 — 0 _ 0 — ns 
Column address hold time tCAH 20 _ 20 - 25 _ ns 
RAS to CAS delay time tRCD 22 40 25 50 25 60 ns 
RAS hold time tRSH 40 = 50 z= 60 = ns 
CAS hold time tCSH 80 ~ 100 - 120 _ ns 
CAS to RAS precharge time tCRP 10 = 10 ~ 10 — ns 
Transition time (rise and fall) tT 3 50 3 50 3 50 ns 
Refresh period tREF _ 8 - 8 ~ 8 ns 
OE to data-in delay time tODD 20 — 25 7 30 - ns 
CAS to data-in delay time tCcDD 2 _ 25 _ 30 _ ns 
OE hold time referenced to WE tOEH 25 — 25 ~ 30 _ ns 
OE delay time from Din tDZO 0 = 0 - 0 ~ ns 
CAS delay time from Din tpZC 0 _ 0 _ 0 - ns 
Read Cycle 

re Symbol HMS514256-8 HM514256-10 HM514256-12 Gee. Noes 

Min Max Min Max Min Max 

Access time from RAS tRAC — 80 e 100 ~ 120 ns 2,3 
Access time from CAS tCAC - 40 - 50 - 60 ns 3,4 
Access time from OE tOAC — 25 _ 25 ~ 30 ns 
Read command setup time tRCS 0 — 0 — 0 — ns 
Read command hold time referenced toCAS troy 0 — 0 _ 0 — ns 
Read command hold time referenced to RAS terry 10 _ 10 — 10 - ns 
Output buffer turn-off delay time tOFF1 — 20 ~ 25 - 30 ns 5 
out ut buffer turn-off delay time referenced torr? _ 20 _ 25 — 30 ns 5 
0) 
Write Cycle 

Nea Symbol HM514256-8 HMS514256-10 HM5S14256-12 Unit Notes 

Min Max Min Max Min Max 

Write command setup time twcs 0 ~ 0 ~ 0 _ ns 8 
Write command hold time twCH 20 _ 20 _ 25 _ ns 
Write command pulse width twP 15 ~ 15 _ 20 ~ ns 
Write command to RAS lead time tRWL 30 - 35 - 40 ~ ns 
Write command to CAS lead time tCWL 30 - 35 - 40 - ns 
Data-in setup time tps 0 — 0 - 0 _ ns 9 
Data-in hold time tpH 20 _ 20 - 25 _ ns 9 
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HM514256 Series 





Read-Modify-Write Cycle 
piece as Symbol HM514256-8 HM514256-10 HM514256-12 nik “Wate 
Min Max Min Max Min Max 
Read-Write cycle time tRWC 225 _ 265 — 305 — ns 
Read-Write cycle RAS pulse width tRWS 145 — 175 _ 205 — ns 
RAS to WE delay time tRWD 110 = 135 - 160 — ns 8 
CAS to WE delay time tCWwD 70 = 85 = 100 - ns 8 


Refresh Cycle 
HMS514256-8 HMS514256-10 HM514256-12 





Parameter Symbol Min Max Min Max Min Max Unit Notes 
CAS setup time (CAS-before-RAS refresh) tCSR 10 -- 10 - 10 ~ ns 
CAS hold time (CAS-before-RAS refresh) tCHR 20 — 20 — 25 = ns 
RAS precharge to CAS hold time tRPC 10 - 10 - 10 - ns 
Page Mode Cycle 
paca nisias Symbol op 14256-8 a 14256-10 HM 14256-12 Unit Notes 
Min Max Min Max Min Max 
Page mode read or write cycle tPC 60 — 70 - 85 — ns 
Page mode CAS precharge time tcp 10 ~ 10 - 15 — ns 
Page Mode Read-Modify-Write Cycle 
patnaains Symbol HMS514256-8 HM514256-10 HMS514256-12 ic Nei 
Min Max Min Max Min Max 
Page mode read modify write cycle time tPCM 125 — 145 _ 170 - ns 
Page mode read modify write CAS pulse tCRW 105 — 125 - 145 — ns 


width 








Notes) *1. AC measurements assume t7 = Sns. 

*2. Assumes that trcp Strcp (max). If trcp is greater than the maximum recommended value shown in this 
table, tp 4c exceeds the value shown. 

*3. Measured with a load circuit equivalent to 2TTL loads and 100pF. 

*4, Assumes that tpcp 2 tRcp (max). 

*5. toFF (max) is defined as the time at which the output achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 

*6. Transition times are measured between Vyy and V77. 

*7, Operation with the trcp (max) limit insures that tp4¢c (max) can be met, tRrcp (max) is specified as a refer- 
ence point only, if tpcp is greater than the specified tpcp (max) limit, then access time is controlled exclu- 
sively by tC4c. 

*8. twcs and tcwp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twos 2 twcg (min), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; if trwp 2 trwp (min) and tcwp 2 tcwp (min), 
the cycle is a read-write and the data output will contain data read from the selected cell; if neither of the 
above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

*9,. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles, 

*10. An initial pause of 100us is required after power-up followed by eight or more initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). If internal refresh counter is used, 
eight or more CAS-before-RAS refresh cycles are required. 

*11, In delayed write or read-modify-write cycles, OE must disable output buffers prior to applying data to the 
device. 
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HM514256 Series 


Timing Waveforms 
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eng 142586 Series 


Delayed Write Cycle 
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HM514256 Series 
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HM514256 Series 
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HM514256 Series 


Page Mode Read-Modify-Write Cycle 
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HM514256 Series 








SUPPLY CURRENT (ACTIVE) vs. SUPPLY VOLTAGE SUPPLY CURRENT (ACTIVE) vs. AMBIENT TEMPERATURE 
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HM514256 Series 


RAS ACCESS TIME vs. SUPPLY VOLTAGE RAS ACCESS TIME vs. AMBIENT TEMPERATURE 

1.3 1.3 
8 1.2 8 1.2 
fo) fo 
S 44 2°44 
e 1.0 2 1.0 
& & 
é g 
gs 09 8 0.9 
ep) Ss) 
<G <x 
“= 0.8 ~ 08 

0150 4.75 5.00 5.25 5.50 sa 0 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ja (°C) 
CAS ACCESS TIME vs. SUPPLY VOLTAGE CAS ACCESS TIME vs. AMBIENT TEMPERATUR 


CAS Access Time tcac (Norma 1zed) 
CAS Access Time tcac (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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HM514256S Series 
HM514256A Series 


262144-Word x 4-Bit CMOS Dynamic RAM HM514256SP Series 
HM514256AP Series 

The Hitachi HM514256S/A is a CMOS dynamic RAM organized 
262144-word x 4-bit. HM514256S/A has realized higher density, 
higher performance and various functions by employing 1.3 um 
CMOS technology and some new CMOS circuit design technologies. 
The HM514256S/A offers Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514256S/A to be 
packaged in standard 20-pin plastic DIP, 20-pin plastic SOJ and 20- 
pin plastic ZIP. HM514256SJP Series 

HM514256AJP Series 


(DP-20NA) 


Features 
¢ Single 5 V (410%) 
¢ Highspeed: Access Time 80ns/100 ns/120 ns (max) 
¢ Lowpower: Standby 11 mW (max) 
Active 363 mW/302.5 mW/258.5 mW (max) 
¢ Fast page mode capability 
¢ 512 refresh cycles: (8 ms) (CP-20D) 
¢ 2-variations of refresh: RAS-only refresh 


CAS-before-RAS refresh alia iertnaralia tains 


HMS514256AZP Series 





Pin Arrangement 


¢ HM514256SP ¢ HM514256SJP ¢ HMS514256SZP 
Series Series Series 


* HMS14256AP ¢ HMS14256AJP ¢ HM514256AZP 


Series Series Series 


(ZP-20) 





Hitachi Pin No 
[3 eae Pin No. 
Pin Description 
Pin Name Function 
A0-A8 Address input 
A0-A8 Refresh address input 
1/O1-1/04 Data input/Data output 
RAS Row address strobe 
CAS Column address strobe 
‘WE Write enable 
OE Output enable 
Vcc Power supply (+5 V) 
(Top View) (Top View) (Bottom View) Vss Ground 
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HM514256S Series, HM514256A Series 


Ordering Information 


Type No. Access Time Package Type No. Access Time Package 
HM514256P-8S 80 ns 300-mil 20-pin HMS514256AP-8 80 ns 300-mil 20-pin 
HM514256P-10S 100 ns plastic DIP HM514256AP-10 100 ns plastic DIP 
HM514256P-12S 120 ns (DP-20NA) HMS514256AP-12 120 ns (DP-20NA) 
HM514256JP-8S 80 ns 300-mil 20-pin HM514256AIP-8 80 ns 300-mil 20-pin 
HM514256JP-10S 100 ns plastic SOJ HM514256AJP-10 100 ns plastic SOJ 
HMS514256JP-12S 120 ns (CP-20D) HM514256AJP-12 120 ns (CP-20D) 
HM514256ZP-8S 80 ns 400-mil 20-pin HM514256AZP-8 80 ns 400-mil 20-pin 
HM514256ZP-10S 100 ns plastic ZIP HM514256AZP-10 100 ns plastic ZIP 
HM514256ZP-12S 120 ns (ZP-20) HM514256AZP-12 120 ns (ZP-20) 


Block Diagram 
HM514256S Series 





RAS 


RAS 


Control 
Circust 


1/01 = 1/02 





1/03 1/04 


OE 
Control 


Circuit 





be 
3) 
> 
‘& 
A 
| 
3 
3 
o 
A 
E 
2 
[=] 
) 


Row Address Buffer Column Address Buffer 
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HM514256A Series 


RAS Control 
Circuit 
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HM514256S Series, HM514256A Series 


1/01 1/02 1/03 1/04 


Sense Amp (PMOS) & !/O Bus 
Column Decoder & Driver 
Sense Amp (PMOS) & !/O Bus 


Row Address Buffer 


Absolute Maximum Ratings 


Item 
Voltage on any pin relative to 
Supply voltage relative to Vss 
Short circuit output current 
Power dissipation 


Operating temperature 


Storage temperature 


Hitachi America, Ltd. 


256k 
Memory 
Cell 
Array 


256k 
Memory 
Cell 
Array 


Sense Amp. (NMOS) 
Sense Amp (NMOS) 
Sense Amp (PMOS) & !1/O Bus 
Column Decoder & Driver 
Sense Amp (PMOS) & 1/O Bus 
Sense Amp. (NMOS) 


Column Address Buffer 





Symbol Value Unit 

Vss VT —1.0 to +7.0 V 
Vcc —1.0 to +7.0 V 

Tout 50 mA 

Pr 1.0 W 

Topr 0 to +70 i @ 

Tstg —55 to +125 4S 
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HM514256S Series, HM514256A Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C ) 


Item Symbol Min Typ Max Unit Note 
Supply voltage = : : : ¥ 
Vcc 4.5 5.0 5.5 V ik 
Input high voltage Vin 2.4 — 6.5 V is. 
Input low voltage ce (0. 1 ene a cd CEES See 2 See) SORE eee 
Others Vit —2.0 —_ 0.8 V = 


Note: *1. All voltage referenced to Vss. 


DC Characteristics (Ta = 0 to +70°C, Vcc = 5V + 10%, Vss=0 V ) 
HM514256-8S HM514256-10S HMS514256-12S 


Item Symbol HM514256A-8 HM514256A-10 HM514256A-12 Unit Test Conditions Note 
Min Max Min Max Min Max 
Operating Ice — 66 — 55 — 47 mA RAS,CAS cycling *)*? 
current trc = Min 
— 2 — 2 ~ 2 ‘RAS, CAS 
= Vin TTL 
Standby current Icc2 mA Dout= High-Z interface 
— 1 a 1 = 1 RAS, CAS 2 


Vec-0.2V = CMOS 
Dout = High-Z interface 


RAS-only Icos — 66 = 55 =. 47 mA trc=Min A 
refresh current 
RAS = Vin 
Standby current _Iccs — 5 — 5 — 5 mA CAS=Vun " 
Dout = enable 
CAS-before-RAS — Iccs — 66 ae 155 —_ 47 mA trc=Min 
refresh current 
Fast page mode —Icc7 — 55 — 55 — 47 mA tc=Min tet 
current 
Input leakage Iu —10 10 ~10 10 —10 10 pA OVS Vines7V 
current 
Output leakage ILo —10 10 -10 10 —10 10 pA OVsVour<s7V 
current Dout = disable 
Output high Von 24 Vcc 2.4 Vcc 2.4 Vcc V_ High Jout = -5 mA 
voltage | 
Output low VoL 0 04 0 04 0 0.4 V Lowlout=4.2mA 
voltage 


Notes: *1. Icc depends on output loading condition when the device is selected. 
Icc max is specified at the output open condition. 
*2. Address can be changed less than three times while RAS = VILL. 
*3. Address can be changed once or less while CAS = VIH. 
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HM514256S Series, HM514256A Series 


Capacitance (Ta = 25°C, Vcc =5 V + 10%) 


Item Symbol Typ Max Unit 

Address Cn — 5 pF 

Input capacitance Clock Ch ae 7 DF 
Input/Output capacitance Data input/Data output Cyo — 10 pF 


Notes: *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CAS = VI to disable Dout. 


AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V+ 10%, Vss = 0 V)""* 

Test Conditions 
Input rise and fall times: 5 ns Output load: 2TTL Gate + Cr (100 pF) 
Input timing reference levels: 0.8 V,2.4V (Including scope and jig) 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 
HM514256-8S HM514256-10S HM514256-12S 


Item Symbol HM514256A-8 HM514256A-10 HM514256A-12 

Min Max Min Max Min Max 
Random read or write cycle time RC 160 — 190 — 220 — 
RAS precharge time tRP 70 _ 80 ae 90 nee 
RAS pulse width tRAS 80 10000 100 10000 120 10000 
CAS pulse width tCAS 25 10000 25 10000 30 10000 
Row address setup time tASR 0 — 0 — 0 — 
Row address hold time tRAH 12 — 15 — 15 —_ 
Column address setup time tasc 0 — 0 — 0 — 
Column address hold time tCAH 20 — 20 — 25 — 
RAS to CAS delay time tRcD 22 55 25 75 25 90 
RAS to column address delay time — tRAD 17 40 20 55 20 65 
RAS hold time tRSH 25 — 25 — 30 — 
CAS hold time tcsH 80 — 100 — 120 — 
CAS to RAS precharge time tcRP 10 = 10 — 10 — 
OE to Din delay time topD 20 — 25 — 30 —— 
OE delay time from Din tDzo 0 ae 0 a 0 — 
CAS delay time from Din tozc 0 — 0 — 0 — 
Transition time (rise and fall) tT 3 50 3 50 3 50 
Refresh period tREF — 8 — 8 — 8 
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Unit 


ns 
ns 
ns 
ns 
ns 
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ns 
ns 
ns 
ns 
ns 
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ns 
ns 
ns 
ns 


Note 
*1 


*] 
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Note 


*8 
*9 
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HM514256S Series, HM514256A Series 


Read Cycle 
HM514256-8S HM514256-10S HM514256-12S 
Item Symbol HMS514256A-8 HM514256A-10 HM514256A-12 Unit Note 
Min Max Min Max Min Max 
Access time from RAS {RAC — 8 — 100° — 120 ns "3 
Access time from CAS tcac — 25 -_ 25 = 30 ns “3 "4 
Access time from Address tAA a 40 oes 45 isa 55 ns °*3*5 
Access time from OE toac _ 25 = 25 _ 30 ns 
Read command setup time tRCs 0 — 0 — 0 — ns 
Read command hold time to CAS {RCH 0 a 0 — 0 ace ns 
Read command hold time to RAS tRRH 10 a 10 das 10 _ ns 
Column address to RAS lead time tRAL 40 — 45 — 55 — ns 
Output buffer turn-off time toFFl —_ 20 — 25 ~~ 30 ns a 
Output buffer turn-off to OE toFF2 — 20 — 25 — 30 ns g 
CAS to Din delay time tcDp 20 — 25 — 30 — ns 
Write Cycle 
HM514256-8S HM514256-10S HM514256-12S 
Item Symbol HM514256A-8 HM514256A-10 HM514256A-12 Unit Note 
Min Max Min Max Min Max 
Write command setup time twcs 0 — 0 — 0 — ns ie 
Write command hold time twcH 20 — 20 — 25 — ns 
Write command pulse width twP 15 — 15 — 20 — ns 
Write command to RAS lead time tRWL 25 — 25 — 30 —— ns 
Write command to CAS lead time tcwL 25 — 25 — 30 — ns 
Data-in setup time — tps 0 —_ 0 — 0 _ ns oa 
Data-in hold time DH 20 ron 20 — 25 — ns “ay 


Read-Modify-Write Cycle 
HMS514256-88 HMS514256-10S HM514256-12S 


Item Symbol HM514256A-8 HM514256A-10 HM514256A-12 Unit Note 
Min Max Min Max Min Max 
Read-write cycle time tRwc 220 — 255 — 295 — ns 
RAS to WE delay time tRWD 110 — 135 — 160 — ns “10 
CAS to WE delay time tcwp 55 — 60 — 70 — ns Foss 
Column address to WE delay time — tawp 70 — 80 — 95 — ns my 
OE hold time from WE toEH 25 — 25 — 30 — ns 
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HM514256S Series, HM514256A Series 


Refresh Cycle 
HM514256-8S HM514256-10S HM514256-12S 
Item Symbol HMS514256A-8 HM514256A-10 HM514256A-12 Unit Note 
Min Max Min Max _ Min Max 
CAS setup time tCSR 10 — 10 — 10 — ns 
(CAS-before-RAS refresh cycle) 
CAS hold time CHR 20 — 20 — 25 — ns 
(CAS-before-RAS refresh cycle) 
RAS precharge to CAS hold time tRPC 10 — 10 — 10 — ns 
Fast Page Mode Cycle 
HMS514256-8S HM514256-10S HM514256-12S 
Item Symbol HM514256A-8 HM514256A-10 HM514256A-12 Unit Note 
Min Max Min Max = Min Max 
Fast page mode cycle time tpc 55 — 55 — 65 — ns 
Fast page mode CAS precharge time _ tcp 10 — 10 — 15 — ns 
Fast page mode RAS pulse width tRASC — 100000 — 100000 — 100000 ns ae 
Access time from CAS precharge tacP — so. CU 50 — 60 ns a 
RAS hold time from CAS precharge — trHcP 50 — S50 — 60 — ns 
Fast page mode read-write cycle time tpcm 110 — 115 — 135 — ns 


Notes: *1. AC measurements assume ty = 5ns. 

*2. Assumes that tRCD <tRCD(max) and tRAD StRAD (max). If tRCD or tRAD is greater than the maximum recommended value shown 
in this table, tRAC exceeds the value shown. 

*3. Measured with a load circuit equivalent to 2TTL loads and 100pF. 

*4. Assumes that tRCD 2 tRCD (max) and tRAD < tRAD (max). 

*5. Assumes that tRCD S tRCD (max) and tRAD 2 tRAD (max). 

*6. tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

*7, Transition times are measured between VIH and VIL. 

*8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, if 
tRCD is greater than the specified tRcD (max) limit, then access time is controlled exclusively by tCAc. 

*9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, if 
tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA. 

*10. twcs, tRWD, tCwD and tawD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) throughout the entire cycle; if tkWD 2 tRWD (min), tcwD2tCwD (min) and tawD 2 tAWD (min), the cycle is a read- 
write and the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

*11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed wnite or read- 
modify-write cycles. 

*12. tRasc is determined by RAS pulse width in fast page mode cycles. 

*13. Access time is determined by the longer of tAA, tCAC or tACP. 

*14. An initial pause of 100 ps is required after power-up followed by eight or more initialization cycles (any combination of cycles 
containing RAS clock such as RAS-only refresh). If the internal refresh counter is used, eight ormore CAS-before-RAS refresh 
cycles are required. 
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HM514256S Series, HM514256A Series 


Timing Waveforms 
Read Cycle 
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HM514256S Series, HM514256A Series 


Early Write Cycle 


se — 
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noe TX NON = KT 
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High-Z 


OE : Don’t care ; 
twcs 2 twcs (min) 
V///A ‘Don't care 





Delayed Write Cycle 
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HM514256S Series, HM514256A Series 


Read-Modify-Write Cycle 
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RAS-Only Refresh Cycle 
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—_—____—_—_—_#_——____—— HM514256S Series, HM514256A Series 


CAS-before-RAS Refresh Cycle 


Address, Din, WE : Don't care 
Dout : High-Z 


V1) * Don’t care 





Fast Page Mode Read Cycle 


RAS trasc 
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HM514256S Series, HM514256A Series 


Fast Page Mode Early Write Cycle 
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Fast Page Delayed Write Cycle 
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HM514256S Series, HM514256A Series 
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HM514256S Series, HM514256A Series 








Supply Current (Active) vs. Supply Voltage Supply Current (Active) vs. Ambient Temperature 
1.3 1.3 
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g 1.0 g 1.0 
5 5 
: 0.9 E09 
Oo 
= > 
0.8 A 0.8 
3 2 
77) nv 
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4.50 4.75 5.00 5.25 5.50 0 20 40 60 80 
Supply Voltage Vcc(V) Ambient Temperature Ta (°C) 
Supply Current (Active) vs. Frequency Supply Current (Standby) vs. Supply Voltage 
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RAS Access Time trac (Normalized) 


CAS Access Time tcac (Normalized) 


Address Access Time taa (Normalized) 


RAS Access Time vs. Supply Voltage 
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Supply Voltage Vcc (V) 


CAS Access Time vs. Supply Voltage 





Supply Voltage Vcc (V) 


Address Access Time vs. Supply Voltage 





Supply Voltage Vcc(V) 


RAS Access Time trac (Normalized) 


CAS Access Time tcac (Normalized) 


HM514256S Series, HM514256A Series 


RAS Access Time vs. Ambient Temperature 
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HM51 4256API1/AJPI/AZPI-6/7/8/10/12— Preliminary = 


(Extended Temperature Range Version) 


262,144-Word x 4-Bit Dynamic Random Access Memory 


™@ DESCRIPTION 


The Hitachi HM514256A is a CMOS dynamic RAM organized 
262,144-word x 4-bit. HM514256A has realized higher density, 
higher performance and various functions by employing 1.3u.m 
CMOS process technology and some new CMOS circuit design tech- 
nologies. The HM514256A offers Fast Page Mode as a high speed 
access mode. 

Multiplexed address input permits HM514256A to be packaged in 
standard 20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP. 


@ FEATURES 


e Single 5V (+ 10%) 
e High Speed 
Access Time.............05. 60/70/80/100/120ns (max.) 

e Low Power Dissipation 

Active Mode ............. 495/440/363/303/259mW (max.) 

Standby Mode............. 00. cece eens 11mW (max.) 
e Fast Page Mode Capability 
*:512 Retresh CyClS csi dv ond Hes oe Sa awe (8 ms) 
e 2 Variations of Refresh 

RAS-Only Refresh 

CAS-Before-RAS Refresh 


@ ORDERING INFORMATION 





HMS514256API-6 
HM514256API-7 300 mil 20 pin 
HM514256API-8 Plastic DIP 
HM514256API-10 (DP-20NA) 
HM514256API-12 
HM514256AJPI-6 
HM514256AJPI-7 300 mil 20 pin 
HM514256AJPI-8 Plastic SOJ 
HMS514256AJPI-10 (CP-20D) 
HM514256AJPI-12 
HMS514256AZPI-6 
HM514256AZPI-7 400 mil 20 pin 
HM514256AZPI-8 Plastic ZIP 
HMS514256AZPI-10 (ZP-20) 
HM514256AZPI-12 
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(DP-20NA) 


(CP-20D) 





(ZP-20) 


m@ PIN DESCRIPTION 


Pin Name Function 
Aop-Ag Address Input 
Ao-Ag Refresh Address Input 
1/0,-1/O4 Data-In/Data-Out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
OE Output Enable 
Vcc Power Supply (+5.0V) 
Vss Ground 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 651 





HM514256API/AJPI/AZPI-6/7/8/10/12 


m@ PIN ARRANGEMENT 


@ HMS514256AP Series ¢ HMS514256AJP Series © HM514256AZP Series 





Hitachi Pin No. 7 


1 
2 
3 
4 
5 
6 
7 
8 
9 





(Top View) (Bottom View) 





m@ BLOCK DIAGRAM 





VO1 1/02 VO3 1/04 


Sense Amp. (NMOS) 
Sense Amp. (PMOS) & I/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & /O Bus _ 
Sense Amp. (NMOS) 
Sense Amp. (NMOS) 
Sense Amp. (PMOS) & I/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & I/O Bus 
Sense Amp. (NMOS) 


Ao-Ag 
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HM514256API/AJPI/AZPI-6/7/8/10/12 


@ ABSOLUTE MAXIMUM RATINGS 


Storage Temperature st -55 to + 125 a S 


Parameter Unit 

Voltage on Any Pin Relative to Vss V 

Supply Voltage Relative to Vsg V 

Short Circuit Output Current mA 

Power Dissipation W 

Operating Temperature °C 
ee ee 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = -40 to +85°C) 


Vv 
V 
V 


[Ves | 
ah ie 

(0 Pin) 08 | 
seme Totnes) [vn | 20 [| — | 08 | 


NOTE: 1. All voltage referenced to Vss. 


pet | peek fee | peek 


m@ DC CHARACTERISTICS (T, = -40 to + 85°C, Voc = 5V + 10%, Vsg = OV) 


514256A-6 | 514256A~7 | 514256A-8 | 514256A-10 |514256A-1 
Parameter Symbol Test Conditions 514256A-6 | 514256A7 | 514256A-8 | Unit | Note 


Bao 
BEG 


: 
N 


=< 


-*) 
Hi 


& 
* 


OG 
i=) 


> - - 


_ 
nN 


TTL Interface 
Dour = High-Z 


Z 





Standby Current lec 
CMOS Interface 
RAS, CAS = V¢c -0.2V 
Dour = High-Z 


RAS-Only , eee 
Refresh Current CC3 RC . 


RAS = Vin> CAS = Vit 
Dour = Enable 


CAS-Before-RAS I ec eas 
Refresh Current CC6 RC ; 
Fast Page I or 
Mode Current CC7 pc = ; 


Input Leakage I 
Current 


ESESDES 
> > > 





No 


— 


Standby Current 


~] 


— 
Q 
A 


‘[Min. 7 
5 
ee ot 


< 
< 
) 
an a nn oi) 
—, 


Output Leakage OV < Vour = 7V i | 10 | - = 
Current Dour = Disable 


e | 3 3 5 3 
DRARSESESESESES 
we 


= 
c 


0.4 


o 
rN 


oa [o [oa fo [os 


NOTES: 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 


Output Low Voltage VoL | Low Ioyr = 4.2mA 


2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CAS = Vin. 
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HM514256API/AJPI/AZPI-6/7/8/10/12 


™@ CAPACITANCE (T, = 25°C, Vcc = 5V + 10%) 


Parameter Symbol Typ. Max. Note 


Input Capacitance (Address) Cy | oo | 5 | pF | 1 
Input Capacitance (Clocks) Cp Po tee | de 2 Jl pe ] 
Output Capacitance (Data-In, Data-Out) | Cy | — | 0 | pF | 1,2 


NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjyy to disable Dour. 


Mm AC CHARACTERISTICS (T, = -40°C to 85°C, Vec = 5V + 10%, Vg = OV)(), (4) 
¢ Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


514256A-6 514256A-7 514256A-8 514256A-10 | 514256A-12 
i ax. 


Parameter Symbol Ma Tea aE? ve Unit | Note 
Random Read or Write Cycle Time a Re ee 220 ye — 
RAS Precharge Tine te | f-|o[-|m[-|m]-|w]-][= 
RAS Pulse Wii ee ee a eel le) ee Se = 
Row Aaaren SectpTine | ne | 0|—-|e]-|o]-[o|-|o]|-|m=_ 
Row Address Hold Time IRaH 10 — 10 _ 12 — 15 — 15 — ns 
Cotnn Adis SerUpTine | tse | © |-]o{|-|o{-|;o]-]o|-|= 
Cowunn Adres HoldTine | tom | 5 |— | 8|—|2%]}- | |—|s|]—|m 
es Pefel>fe l= 
RAS Hold Tine ee ee ee ee ees 
CAS Hold Tine Pies | © | — | ]—|o]-|m]-|m]-[m 
TAS ORAS PecargeTing | or | © |-|o]-|o][-|»{-|o]-][os 
e Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

514256A-7 514256A-12 | __ 
a eer Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. ner 


OE w Dy Delay Ti ee ee ee eee 
OE Delay Time From Dyy Elbe. |-c0 ees 00 ee [Oita 0. aed 
CAS Delay Time From Dy, | — | of—-]|o}]—-]o]- | 


Transition Time (Rise and Fall) 
Rees Parid ese ee 


~] 


oy) 


wn 


© HITACHI 
654 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HM514256API/AJPI/AZPI-6/7/8/10/12 


e Read Cycle 


ws 
fj 
ho 
Wr 
on 
> 
ON 
ay 
cs 
NS) 
nn 
ON 
> 
4 
wr 
oat 
pay 
nN 
a 
ON 
> 
oo 
pay 
> 
NS) 
Wa 
on 
> 
bal 
=) 
wn 
oN 
N 
as 
ON 
> 
nh 
NO 
Z. 
So 
ray 


Parameter Symbo 


S| 
J 


NIN] & N]; ei] Ny 
Mm] atin Mi mi mam 


<= 
| 1 


NEN] Ww YN} ws wl ~~ 


= t 
Se 


NiNyylw Ni ws d 


Max 
Access Time From RAS tric 2,3 
Access Time From CAS tcac 3,4 
Access Time From Address 3,5 


Access Time From OE 
Read Command Set-Up Time trcs 
Read Command Hold Time to CAS trcH 
Read Command Hold Time to RAS trrH 
Column Address to RAS Lead Time tRaL 


ty 
S = 
o 5 
yi} yu] > N]} a) Ny 
WM 
2 = 
oO = 
Wl] wi um Wl ni wlpb ! 
O;,ojyun SOT arlyols 
5. 
-> 


Output Buffer Turn-Off Time torr 6 
Output Buffer Turn-Off to OE torr? 6 
CAS to D,x Delay Time tcpp 2 
¢ Write Cycle 
514256A-6 | 514256A-7 | 514256A-8 | 514256A-10 | 514256A-12 

ee met Mins Pax [Min Pox. [ Min, [ax | Min, [Max [in [Max | | OY 
Write Command Set-Up Time ws | 09 | —- [0 | — | o | — | 0 | — | o | — [ as | 0 
Wie Command HoldTime | wea | 8 | — | 8 |— | [— |» |- | |— [om | 
Wit Command Pulse Width po [=o [=[s [= [5] =] [=p 
Wit Commando RAS Lead Tine | tewe | 20 | — [| — | 25 |—| 2% [-| | —| 
Write Command to CAS Lead Time | tom | 20 | — | 20] — | 25 | — | 2 | — | 3 | — || 
Dain St Up Tis po f-[e[-|fe|-/fe|-/o]-[s[u 
Dati Hold Time ps f-[s|-|[*[-]~|-[sl- [= [a 
e Read-Modify-Write Cycle 

Parameter Symbol Unit | Note 


=| 3 
e 


pores 
~~ 
jm) 
bo 
N 
co) 
nN 
sn 
wm 
Ne 
\o 
wa 


pa 
oy 
Nw 
Ww 
a 
> 
oN 
os 
fj 
N 
a; 
oN 
> 
4 
2 
if 
N 
Lo) 
oN 
> 
[oe] 
wi 
oy 
nN 
wm 
on 
a 
eat 
x |S 
Nn 
oe 
ND 
wi) 
a 
> 
a 
N 


> 
Pad 
wl) wotna 


Read-Write Cycle Time trwc 
RAS to WE Delay Time trwp 
CAS to WE Delay Time tcwp 
Column Address to WE Delay Time tawp 
OE Hold Time From WE 


~~ Q |*> 


mln 90 
eee 2 7 
ee 
o|S|S 


nN & | oO 
Nila] on 
to — 


¢ Refresh Cycle 


wa 
£ 
NO 
Cr 
nN 
> 
oy 
os 
NS} 
on 
f 
~ 


N = Wn 
o Sl 
, N 

Ca 


on 
> 
fore) 
Ww 
iptnaneet 
ms 
NS) 
Wa 
ON 
S 
rae 
=) 
n 
RB 
NO 
co 
on 
> 
eee 
NS) 


Parameter Symbol Unit | Note 


= ' 
eS 


CAS Set-Up Time : 
(CAS-Before-RAS Refresh Cycle) ok 


CAS Hold Time (CAS-Before-RAS ‘ 
Refresh Cycle) CHR 


eae 
2) t 
cad 
—— 
in 2 
fo 
a 
Ny) 
nr 


RAS Precharge to CAS Hold Time trec 
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e Fast Page Mode Cycle 


ee 514256A-6 514256A-8 | 514256A-10 | 514256A-12 tit 
arameter ymodo ni ote 
Pin. [in| Min [Max [ Mine [wan Min. [Max Min [Ma 
Fags oaeGiaetine [we | s>-[*|-[s[-|s]— 
Fast Page Mode CAS Prechart Time | tcp | 1 | | a =a 
ee 


Fast Page Mode RAS Pulse Width 


RAS Hold Time From 
Fast Page Mode Read-Write , 95 
Cycle Time PCM 


NOTES: 1. AC measurements assume ty = S5ns. 


nN 


. Assumes that trcp S trcp (max.) and trap S trap (max.). If tcp or trap is greater than the maximum 
recommended value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit-equivalent to 2TTL loads and 100pF. 
. Assumes that tpcp = trcp (max.) and trap = trap (max.). 
. Assumes that tpcp = trcp (max.) and trap = trap (max.). 


N vr hk W 


. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
7. Vin (min.) and Vj, (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vyy and Vj. 
8. Operation with the tacp (max.) limit insures that trac (max.) can be met, trcp (max.) is specified as a reference 
point only, if trcp is greater than the specified tpcp (max.) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max.) limit insures that trac (max.) can be met, trap (max.) is specified as a reference 
point only, if trap is greater than the specified trap (max.) limit, then access time is controlled exclusively by taa. 
10. twcs, tawp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs = twcs (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tpwp = trwp (min.), tcewp = tcwp (min.) and tawp = 
tawp (min.), the cycle is a read-write and the data output will contain data read from the selected cell; if neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 
11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write 
or read-modify-write cycles. 
12. trasc defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of taa or tcAc or tacp. 
14. An initial pause of 100 ys is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). If the internal refresh counter is used, a 
minimum of eight CAS-before-RAS refresh cycles are required. 
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@ TIMING WAVEFORMS 
e Read Cycle 


trac 
- ‘ joo 
“of : 
tcrp 


tASR 


a 
iat 
oO 
<2) 
<= 
yt 


aaa Fite Se SAO 


Este 


7 ae in [ee RZ 


Dout ie 
waar 
erm 


pn LILI —l 
III ILILELIOISA- =e oaa 


* A ff : Don't care 
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e Early Write Cycle 


RAS 


CAS 





i 
Column 
cs | tcaH 


address 7/4 __Row __ LLLLLLL L) 


wé LLL || WLLL 


Dout 


OE : Don't care 


“VY : Don't care 
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e Delayed Write Cycle 


RAS 


CAS 


Address 


tre 


tae trop tRSH 
tcas 


ia LLL LLLLLLLL 
LLL WLLL 


tozo 


LLILILLL Dive nag LLLLLLLLLLL LLL Ey 
jh 


LLLLLLLLLL LLL LL) LLLLLLLLL LLL LLL 


"V4 : Don't care 
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¢ Read-Modify-Write Cycle 


trwc 


ty tcrp 
ne | 
tasr el 


RAS 


CAS 


<tc 


+ fe 
WE LLL — 


Din fff) // ar oom 
Hi-Z 


Dout 





LLL 
7 GILL : Don't care 


CE LLL LL 
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e RAS-Only Refresh Cycle 


RAS 


CAS 


Address 


Dout 


tre 
tras 


tcrp eal 


tRPC 


OG RLLLLLL LL 


tRAH 
tasR 


LLP, 80 ILLLILLLILLLLL LLL 


E : Don't care 


ml 


1 


2 Gf : Don't care 


¢ CAS-Before RAS Refresh Cycle 


RAS 


CAS 


=< ____'RAS 


a 


Address, Din, WE : Don't care 
Dout: High-Z 
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e Fast Page Mode Read Cycle 


W1/lO1 ¢ Din ean 
) 7 tcac 
(a he torr 1 
OF 


W4/1I04 Dout [az ut 


662 


tRASC 
ley a | 
=e ice 


ie 


tRAH 
__|tRap 
tasR 


& Col. K/)> — 


Address Vj ] Row | [| Row )X// iin a. Se UI, 
WB, WE acs All ing  [<Z 


ht is 
Bl, torF1 
ae 


(i hoi, pe 
ae tozo si toac 
OE 

VHUAA Vd; VIL £1 Maas 


toac LL 







*V////) : Don't care 
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e Fast Page Mode Early Write Cycle 








tRASC 
RAS teen eos, tRSH | _tRP, 
cca pond | {CRP 
a tcas 
taSR cin at Ar Tt 
Address L Col. BV ZK ool. J k Col. J Da i 
tWCH 
we ZZ ith | WL 
DS 
Din ALLL LLL Nala input PO/ Valid Input / DA Valid Input KR 
Dout “= — 
* OE : Don't care 
; WY; : Don't care 
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e Fast Page Delayed Write Cycle 





trRasc 
RAS tr tcsH = a 
taco - 
7 ate 
tasSR 
ates p= [Column eral ae 






tCwL 


WE lS 


tos 


Din My es ia E KILL LL 
toEH 
Hi-Z 


Dout t 
ODD 


CF YA LLL LL 2 
1/1. Don't care 
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e Fast Page Mode Read-Modify-Write Cycle 


trap 


trasc 5 


RAS 


—cHt 
= ZT 


tpzc bei Ee tos, 
Din ZL} — Y Cz GOK Vaid KA 
im HI-Z ant H}-Z 


Dout utput [ Output 
tpzo 
= WA tA _}t—% 
ZZ N | Ds 
toppb 


{ ALLL : Don't care 
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HM514256ALP/ALJP/ALZP-8/10/12— Preliminary its 


262,144-Word x 4-Bit Dynamic Random Access Memory 
mM DESCRIPTION 


The Hitachi HM514256ALP/ALJP/ALZP family is a CMOS dy- 
namic RAM organized 262,144-word x 4-bit. HM514256ALP/ALJP/ 
ALZP has realized higher density, higher performance and various 
functions by employing 1.3um CMOS process technology and some 
new CMOS circuit design technologies. The HM514256ALP/ALJP/ 
ALZP offers Fast Page Mode as a high speed access mode. 

Multiplexed address input permits HM514256ALP/ALJP/ALZP to 
be packaged in standard 20-pin plastic DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP. 


@ FEATURES 


e Single 5V (+ 10%) 
e High Speed 
Access Time..................44- 80/100/120ns (max.) 

e Low Power Dissipation 

Active Mode .................... 363/303/259mW (max.) 

Standby Mode ................ eee eens 1.7mW (max.) 
e Fast Page Mode Capability 
e 512 Refresh Cycles... 00... . ce eee (64 ms) 
¢ 2 Variations of Refresh 

RAS-Only Refresh 

CAS-Before-RAS Refresh 


M@ ORDERING INFORMATION 





HM514256ALP-8 300 mil 20 pin 
HM514256ALP-10 Plastic DIP 
HM514256ALP-12 (DP-20NA) 
HM514256ALJP-8 300 mil 20 pin 
HMS514256ALJP-10 Plastic SOJ 
HM514256ALJP-12 (CP-20D) 
HM514256ALZP-8 400 mil 20 pin 
HM514256ALZP-10 Plastic ZIP 
HM514256ALZP-12 (ZP-20) 
© HITACHI 
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(CP-20D) 





(ZP-20) 


M@ PIN DESCRIPTION 


Pin Name Function 
Ao-Ag Address Input 
Ao-Ag Refresh Address Input 
1/O,-I/O,4 Data-In/Data-Out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
OE Output Enable 
Vec Power Supply (+5.0V) 
Vss Ground 
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@ PIN ARRANGEMENT 





© HM514256ALZP Series 


@ HM514256ALP Series © HM514256ALJP Series 








Hitachi Pin No. 





oO AN OO 1 fF DW NYO — 





| (Bottom View) 
@ BLOCK DIAGRAM 


RAS 
RAS Control 
Circuit 





VO1 W/02 V03 V/04 


—————— 




















” o ” ” 

3 3 53 3 

ay 5 |@ ml 5 ja 
B &]} 2 |g Q) 2/8 o 
O 
s ad Pe BT og |S s 
P-4 Yi . iD MQ}. iW a 
a Q| 3 |g dla 2} 8/8 a 
E a} 8 ia Ele a} 8 |e E 
<< ~=lo!~ a t-¢ ~1ol~ < 
@ a. a. @{|@ Q. oO. @ 
2 EYEE ore EL EE 2 
@® <i si< @o!| @ <t} 5 |<] o 
w sl 3 (3 alo a1 3/3 o 

%1 8/2 c|/Ofc 

@ @ @ rt) 

” ~” ” ~” 


Row Decoder 






Row Address Buffer Column Address Buffer 


Ao-Ag 
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HM514256ALP/ALJP/ALZP-8/10/12 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter — Unit 
Voltage on Any Pin Relative to Voss -1.0 to +7.0 Vv 
Supply Voltage Relative to Vg -1.0 to +7.0 Vv 


Short Circuit Output Current Lowe 008. mA 
Power Dissipation a W 
Operating Temperature Tone 2C 


Storage Temperature 


-55 to +125 °C 


@ ELECTRICAL CHARACTERISTICS 
e¢ Recommended DC Operating Conditions (T, = 0 to _ 


Parameter Symbol 


Supply Voltage 


a 
Lo Vee 4 
Input High Voltage | OV | 
com eet 


NOTE: 1. All voltage referenced to Vss. 


Hy 
~N 


™@ DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V + 10%, Vsg = OV) 


| HM514256AL-8 HM514256AL-10 | HM514256AL-12 
Parameter Symbol Test Conditions Unit | Note 
Min. | Max. | Min. 
<8 


[ier WPece ie astel 
PEPE 
Ec) 
Gece 
= 


5 


< wo wo a|= 


TTL Interface RAS, 
CAS = VIn> 





Dout = High Z 


CMOS Interface RAS, 
CAS => Vcc - 0.2V 
Dout = High Z 


RAS-Only Refresh I 
Current cc3_|tRc = min. 


Standby Current Icc2 






= 


nN 


Battery Back-Up trc = 125us, CAS 
Current loca Beier RAS Cycling ” ay : 
Standby Current Iccs 





— 


ac ner 
rs [= fa 
0 


, 


pvt |e} Ver 2h 
Pos | o | oa | 0 
. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 


1 

2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CAS = Vin. 
4 


CAS-Before-RAS I ; Min. 
Refresh Current CC6 | 'RC ~ 
Input Leakage Current tm OV <s VIN = 7V 


OV < Vout = 7V 
Output Leakage Current face Dour = Disable 
Output High Voltage High Ioyt = -5mA 
Output Low Voltage Low Iout = 4.2 mA 


NOTES: 


= 
Ww 


— 
© 
sls 


iN 


ecammnno| 
> oO —) 

Go 
EBB [= [eTe LE Be 


. tRAS = tras min. to 1 ps 
Input voltage: I/O pin = Vcc - 0.2V or S 0.2V or open; Others = Vcc - 0.2V or Itet 0.2V 
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™ CAPACITANCE (T, = 25°C, Voc = 5V + 10%) 


Parameter Typ. Max. Note 
Input Capacitance (Address) | Cy | -— | 5 | pF 1 
Input Capacitance (Clocks) Cp = ee ee ae 1 
Output Capacitance (Data-In, Data-Out) | Cy | — | 0 | pF | 12 


NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyq to disable Dour. 


Mm AC CHARACTERISTICS (T, = 0°C to 70°C, Voc = 5V + 10%, Vg = OV)(), 4) 
e Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 





—— ee 
: Min. | Max. | Min. | Max. 
Random Read or Write Cycle Time | tre | 160 | — | 1990 | — | 220 | — | ns | 
RAS Precharge Time ee ee 
RAS Pulse Width | teas | 80 | 10000 | 100 | 10000 | 120 | 10000 | ns | 
CAS Pulse Wid teas | 25 | 10000 | 25 | 19000 | 30_| 10000 | ns _ 
Row Address Set-Up Time Fa Wo es Na a i eR ( 
Row Address Hold Time tRAH — 15 — — ns 
Column Address Set-Up Time | tase | 0 | — | 0 | — | o | — | ns | 
Column Address Hold Time tear: |. 200 | = 20 pe 5 al et ns | 
RAS to CAS Delay Time Vtxep | 22 | 55 | 25 | 78 | 25 | 90 | ns | 8 
RAS to Column Address Delay Time | tran | 17 | 40 | 20 | 55 | 20 | 65 | ns | 9 
RAS Hold Time ae OS fee as a0 a) 
CAS Hold Time Tics | 80 | — | 0 | — | ao | — | os 
CAS to RAS Precharge Time | tcp | 0 | — | 0 | — | 0 [| — | ms 


e Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


eke HM514256AL-10|HMSI4256AL-12| 1. | 
OE Dy Delay Time oop a0 ee os ee a0 ae] 
OE Delay Time FromDiy | ozo | 0 | — | 0 | — | 0 | — | as 
CAS Delay Time From Diy fon oo ie or hes ae 
Transition Time (Rise and Fall) 50 | 3 | 50 {| 3 | 50 | ns | 7 
Refresh Period ee eee ee ee 
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e Read Cycle 


Pa , ee HMS514256AL-8 | HM514256AL-10 | HM514256AL-12 Unit | Not 
rameter m ni ote 
ee sas ef ee ee 





Access Time From Address taa ni a aoe ee ee a 355 
Access Time From OE foe — |e, |e | | el 
aC eneas (ero SO elo ae 
Read Command Hold Time ORAS | tan | 10 | — | | — | 0 | — | m 
Column Address to RAS Lead Time ee 
Output Buffer Turn-Off to OE torF2 Sa 6 
e Write Cycle 

ae Symbo} |HMSH4256AL-8 | HMS14256AL-10 | HMS14256AL- 12 cake 

Max 

SA oe AO WH 
Write Command Hold Time | wen | 20 [| — | 20 | — | 2 | — | ms] 
Write Command Pulse Width twp | 3 {| — | 2 | — | os, 
Write Command to RAS Lead Time | taw. SE 
Write Command to CAS Lead Time | tow, | 2 {| — | 2 | — | 30 | — [os _| 


e Read-Modify-Write Cycle 
HMS514256AL-8 | HMS514256AL-10 BMSH2 ODT: 12 


Parameter Symbo Unit | Note 


= 
) 


a 
RAS to WE Delay Time trwp 110 a 135 | — | wo | — | os | 10 
Column Address to WE Delay Time | tawp | 70 | — | 8 | — | 95 | — | os | 10 
GEHold Time FromWE | tom | 25 | — | 25 | — | 30 | — | 
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e Refresh Cycle 
HM514256AL-8 | HM514256AL-10 | HM514256AL-12 


Parameter Symbol Max. Unit | Note 


(CAS-Before-RAS Refresh Cycle) 
RAS Precharge to CAS Hold Time trpc 


CAS Setup Time ; ie - 
(CAS-Before-RAS Refresh Cycle) CSR 
CAS Hold Time —_ ) 0 | — ; 


race 
Rane 
Pete 


e Fast Page Mode Cycle 
HM514256AL-8 | HM514256AL-10 | HM514256AL-12 


Parameter Symbol vite Unit | Note 
Fast Page Mode CAS Precharge Time tcp | mo | — | © | — | wow] — | 
Fast Page Mode RAS Pulse Width trAsc a 100000 | — | 100000 | 
Sz see 
Ed 


AS Pi | 100000 | Lees 
Access Time from CAS Precharge tacp 50 | | 


RAS Hold Time from CAS Precharge | tpycp | 50 | — | 50 | 
Fast Page Mode Read-Write Cycle Time |_ tpcyy 110 135 — 


NOTES: 1. AC measurements assume tr = 5ns. 


—" 
Oo 


E 
S 


=) 
n 


2. Assumes that tpcp S trcp (max.) and trap S trap (max.). If tacp or trap is greater than the maximum 
recommended value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100pF. 
. Assumes that tpcp = trcp (max.) and trap = trap (max.). 
. Assumes that tpcp < trcp (max.) and trap = trap (max.). 


Nn nA & WH 


. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
7. Vin (min.) and Vi, (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Viq and Viz. 
8. Operation with the trcp (max.) limit insures that trac (max.) can be met, trcp (max.) is specified as a reference 
point only, if tpcp is greater than the specified trcp (max.) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max.) limit insures that trac (max.) can be met, trap (max.) is specified as a reference 
point only, if trap is greater than the specified trap (max.) limit, then access time is controlled exclusively by taa. 
10. twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs = twcs (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tawp = trwp (min.), tcwp = tcwp (min.) and tawp = 
tawp (min.), the cycle is a read-write and the data output will contain data read from the selected cell; if neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 
11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in a delayed write 
or a read-modify-write cycles. 
12. trasc defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of taa or tcac or tacp. 
14. An initial pause of 100 ys is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). If the internal refresh counter is used, a 
minimum of eight CAS-before-RAS refresh cycles are required. 
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e Read-Modify-Write Cycle 
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e Fast Page Mode Read Cycle 
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e Fast Page Mode Early Write Cycle 
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e Fast Page Mode Read-Modify-Write Cycle 
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HM514256H Series 


262144-Word x 4-Bit CMOS Dynamic RAM 


The Hitachi HM514256H is a CMOS dynamic RAM organized 
262144-word x 4-bit. HM514256H has realized higher density, 
higher performance and various functions by employing 1.3 um 
CMOS technology and some new CMOS circuit design technologies. 
The HM514256H offers Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514256H to be packaged 
in standard 20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic 
ZIP. 


HM514256HP Series 


(DP-20NA) 


Features HMS514256HIJP Series 
¢ Single 5 V (10%) 


« Highspeed: Access Time 60ns/70 ns (max) 
¢ Lowpower: Standby 11 mW (max) 
Active 495 mW/440 mW (max) 
¢ Fast page mode capability 
¢ 512 refresh cycles: (8 ms) 
« 2-variations of refresh: RAS-only refresh 
CAS-before-RAS refresh 
(CP-20D) 
Pin Arrangement HMS14256HZP Series 


* HM514256HP * HM514256HIP * HMS514256HZP 


Series Series Series 


Hitachi Pin No. 


| JEDEC Pin ‘ 


1 WZ % 


(ZP-20) 





Pin Description 





Pin Name Function 
A0-A8 Address input 
A0-A8 Refresh address input 
1/O01-1/04 Data input/Data output 
RAS Row address strobe 
(Top View) (Top View) (Bottom View) CAS Column address strobe 
WE Write enable 
OE Output enable 
Vcc Power supply (+5 V) 
Vss Ground 
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HM514256H Series 


Ordering Information 


Type No. Access Time Package 
HM514256HP-6 60 ns 
HMS514256HP-7 70 ns 300-mil 20-pin plastic DIP (DP-20NA) 
HMS514256HIJP-6 60 ns 
HMS514256HJP-7 70 ns 300-mil 20-pin plastic SOJ (CP-20D) 
HMS514256HZP-6 60 ns 
HM514256H7ZP-7 70 ns 400-mil 20-pin plastic ZIP (ZP-20) 


Block Diagram 


Control Control 
Circuit Circuit 


1/01 1/02 1/03 «1/04 


‘ 
’ 


1/0 Buffer 





o 
> 
c 
a 
 -] 
3 
© 
4 
Qa 
e 
E 
3 
x) 
O 


Weitee] | Word Driver | | Word Driver | | Word Driver | 


Row Address Buffer Column Address Buffer 
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HM514256H Series 


Absolute Maximum Ratings 


Item Symbol Value Unit 
Voltage on any pin relative to Vss Vr —1.0 to +7.0 V 
Supply voltage relative to Vss Vcc —1.0 to +7.0 V 
Short circuit output current Tout 50 mA 
Power dissipation Pr 1.0 W 
Operating temperature Topr 0 to +70 °C 
Storage temperature Tstg —55 to +125 °C 


Recommended DC Operating Conditions (Ta = 0 to +70°C ) 


Item Symbol Min Typ Max Unit Note 
Supply voltage Ms wu ul 
Vcc 4.5 5.0 5.5 Vv “ 
Input high voltage Vin 2.4 — 6.5 V os 
1/0 pin Vi —1.0 — 0.8 V 7“ 
Input low voltage = “Others ~~ ~-Va—~—SCS = i a 








Note: *1. All voltage referenced to Vss. 


DC Characteristics (Ta = 0 to +70°C, Vcc = 5V + 10%, Vss =0V ) 
HM514256H-6 HM514256H-7 


Item Symbol Min Max Min Max Unit Test Conditions Note 

Operating current Ice — 90 — 80 mA RAS, CAS cycling aha 

trc = Min 
— 2 — 2 RAS, CAS= Vm TTL 
Standby current Ico —————_________—— mA di ied 1) Ee Se dk 
— 1 -— 1 RAS, CAS 2 CMOS 

Vcc-0.2V interface 
Dout = High-Z 

RAS-only refresh current Icc3 — 90 — 80 mA trc= Min ie 
RAS = Vii 

Standby current Ices — 5 — 5 mA CAS=Vn " 
Dout = enable 

CAS-before-RAS Ices — 90 — 80 mA trc=Min 

refresh current 

Fast page mode current Icc7 — 90 — 80 mA tec= Min as 

Input leakage current Ih —10 10 —10 10 wA OV<Vin<s7V 

Output leakage current ILo -10 10 —10 10 WHA OV<Vouts7V 
Dout = disable 

Output high voltage Vor 2.4 Vcc 24 Vcc V_sCHigh Iout =-5 mA 

Output low voltage VoL 0 0.4 0 0.4 V = LowIout=4.2 mA 


Notes: *1. Icc depends on output loading condition when the device is selected. 
Icc max is specified at the output open condition. 
*2,. Address can be changed less than three times while RAS = VIL. 
*3. Address can be changed once or less while CAS = Vin. 
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HM514256H Series 


Capacitance (Ta = 25°C, Vcc=5 V+ 10%) 


Item Symbol Typ Max Unit Note 
Address Cn — 5 pF “a 
Input t a en ee erga Tare 
pote se Clock Cr — 7 pF = 
Input/Output capacitance Data input/Data output Cyo — 10 pF mene 


Notes: *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2 CAS = Wm to disable Dout. 


AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V+ 10%, Vss=0 V)"™ 


Test Conditions 
input rise and fall times: 5 ns Output load: 2TTL Gate + Ci (100 pF) 
Input timing reference levels: 0.8 V,2.4V (Including scope and jig) 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 
HMS514256H-6 HMS514256H-7 








Item Symbol Min Nias Min Te Unit Note 

Random read or write cycle time tRC 125 — 140 — ns 

RAS precharge time tRP 55 — 60 — ns 

RAS pulse width {RAS 60 10000 70 10000 ns 

CAS pulse width tCAs 20 10000 20 10000 ns 

Row address setup time tASR 0 — 0 — ns 

Row address hold time tRAH 10 — 10 — ns 

Column address setup time tasc 0 — 0 — ns 

Column address hold time tCAH 15 — 15 — ns 

RAS to CAS delay time tRCD 20 40 20 50 ns - 
RAS to column address delay time tRAD 15 30 15 35 ns iad 
RAS hold time tRSH 20 — 20 — ns 

CAS hold time tCsH 60 — 70 — ns 

CAS to RAS precharge time tcRP 10 =— 10 — ns 

OE to Din delay time topp 20 — 20 — ns 

OE delay time from Din tDzo 0 — 0 a ns 

CAS delay time from Din tozc 0 — 0 — ns 
Transition time (rise and fall) tr 3 50 3 50 ns rhs 
Refresh period tREF — 8 — 8 ms 
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HM514256H Series 





Read Cycle 
ee Symbol HM514256H-6 HM514256H-7 Unit Note 
Min Max Min Max 
Access time from RAS tRAC an 60 = 70 ns *2°3 
Access time from CAS Cac — 20 — 20 ns “3 "4 
Access time from address tAA = 30 — 35 ns __-“3+°5 
Access time from OE toac — 20 — 20 ns 
Read command setup time tRCS 0 — 0 — ns 
Read command hold time to CAS {RCH 0 = 0 = ns 
Read command hold time to RAS tRRH 10 — 10 — ns 
Column address to RAS lead time tRAL 30 — 35 — ns 
Output buffer turn-off time tOFF1 == 20 — 20 ns = 
Output buffer tum-off to OE torr2 — 20 — 20 ns eg 
CAS to Din delay time tcDD 20 — 20 — ns 
Write Cycle 
Item Symbol HME OH 6 22 One sie One Unit Note 
Min Max Min Max 
Write command setup time twcs 0 ma 0 — ns Be 
Write command hold time twcH 15 — 15 — ns 
Write command pulse width twp 10 — 10 — ns 
Write command to RAS lead time tRWL 20 — 20 — ns 
Write command to CAS lead time tCWL 20 — 20 — ns 
Data-in setup time . tps 0 a 0 — ns “Ht 
Data-in hold time tH 15 — 15 — ns =i 
Read-Modify-Write Cycle 
tenn Symbol er ae a ae Unit Note 
Read-write cycle time tRWC 175 — 190 — ns 
RAS to WE delay time tRWD 85 — 95 — ns ae 
CAS to WE delay time tcwD 45 a 45 — ns i 
Column address to WE delay time tawD 55 — 60 — ns ae 
OE hold time from WE toEH 20 wer 20 = ns 
Refresh Cycle 
lem Symbol HM514256H-6 HM514256H-7 Unit Note 
Min Max Min Max 
CAS setup time tcsR 10 — 10 — ns 
(CAS-before-RAS refresh cycle) 
CAS hold time tCHR 15 — 15 —_— ns 
(CAS-before-RAS refresh cycle) 
RAS precharge to CAS hold time tRPC 10 — 10 —_ ns 
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HM514256H Series 


Fast Page Mode Cycle 
HM514256H-6 HM514256H-7 
Item Symbol “Mn Max. Ma (Max. Unit Note 
Fast page mode cycle time tec 45 — 50 — ns 
Fast page mode CAS precharge time tcp 10 — 10 — ns 
Fast page mode RAS pulse width tRASC — 100000 — 100000 ns ig 
Access time from CAS precharge tacP — 40 _ 45 ns a 
RAS hold time from CAS precharge tRHCP 40 — 45 —— ns 
Fast page mode read-write cycle time {PCM 90 — 100 a ns 
Notes: *1. AC measurements assume tT = 5ns. 


*2. 
"3: 
*4. 
*5. 
*6. 


=) 
*8, 


a 


*10. 


*11. 


*12. 
*ES, 
*14, 


Assumes that thCD $tRCD (max) and tRAD StRAD (max). If tRCD or tRAD is greater than the maximum recommended value shown 
in this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads and 100pF. 

Assumes that tRCD 2 tRCD (max) and tRAD < tRAD (max). 

Assumes that tRCD S tRCD (max) and tRAD 2 tRAD (max). 

torF(max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

Transition times are measured between ViH and VIL. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, if 
tRCD is greater than the specified tRcD (max) limit, then access time is controlled exclusively by tcac. 

Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, if 
tRAD is greater than the specified tRAD (max) limit, then access time 1s controlled exclusiviely by taa. 

tWcs, IRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) throughout the entire cycle; if tRwD 2 tRWD (min), tCcwD2tCWD (min) and tAWD 2 tAWD (min), the cycle is a read- 
write and the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-wirte cycles. 

tRASC is determined by RAS pulse width in fast page mode cycles. 

Access time is determined by the longer of tAA or tCAC or tACP. 

An initial pause of 100 ps is required after power-up followed by eight or more initialization cycles (any combination of cycles 
containing RAS clock such as RAS-only refresh). If the internal refresh counter is used, eight ormore CAS-before-RAS refresh 
cycles are required. 
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HM514256H Series 


Timing Waveforms 
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HM514256H Series 


Early Write Cycle 
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is 
Ee MMLLLLLL. 
///. ee 


High-Z 


LALLA LLY NULLA L/L 


Don’t care 





© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy © Brisbane, CA 94005-1819 (415) 589-8300 689 


HM514256H Series 


Read-Modify-Write Cycle 
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CAS-before-RAS Refresh Cycle 
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HM514256H Series 


Fast Page Mode Early Write Cycle 
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HM514256H Series 


Fast Page Mode Read-Modify-Write Cycle 
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HM514256H Series 








Supply Current (Active) vs. Supply Voltage Supply Current (Active) vs. Ambient Temperature 
1.3 1.3 
o ~~ 
§ 1.2 3 1.2 
E ‘a 
z 1.1 E 1.1 
Sj 
g 1.0 § 1.0 
E 0.9 5 0.9 
4A E 
ni O 
E 0.8 = 0.8 
2 3 
0.7 A 47 
4.50 4.75 5.00 5.25 5.50 0 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
Supply Current (Active) vs. Frequency Supply Current (Standby) vs. Supply Voltage 
10.0 
= 5.0 3 
i i 
E E 
ro) © 
3 S 
g 1.0 g 
s 05 ~ 
\S) UO 
= = 
é & 
3 5 
0.1 M47 
0.1 0.5 1.0 5.0 10.0 4.50 475 5 00 5.25 5 50 
Frequency f (MHz) Supply Voltage Vcc (V) 
Supply Current (Standby) vs. Supply Voltage Supply Current (Standby) vs. Ambient Temperature 
1.6 1.3 
=) a) 
iS 1.4 i: 1.2 
3 Ds) 
E E 
Zz 1.2 ei 
g 1.0 ks 1.0 
p 08 e 0.9 
U UO 
= = 
7 0.6 G08 
3 =) 
2) MN 
0-4 550 4.75 5.00 5.25 5.50 v6 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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RAS Access Time trac (Normalized) 


CAS Access Time _ tcac (Normalized) 


ne 


Address Access Time taa (Normalized) 





RAS Access Time vs. Supply Voltage 
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HM514256H Series 


RAS Access Timve vs. Ambient Temperature 
C3 
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RAS Access Time trac (Normalized) 
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CAS Access Time vs. Ambient Temperature 
13 
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CAS Access Time tcac (Normalized) 
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Ambient Temperature Ta (°C) 


Address Access Time vs. Ambient Temperature 


Address Access Time taa (Normalized) 
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Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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HM514258S Series 
HM514258A Series 


262144-Word x 4-Bit CMOS Dynamic RAM 


The Hitachi HM514258S/A is a CMOS dynamic RAM organized 
262144-word x 4-bit. HM514258S/A has realized higher density, 
higher performance and various functions by employing 1.3 um 
CMOS technology and some new CMOS circuit design technologies. 
The HM514258S/A offers Static Column Mode as a high speed 
access mode. 

Multiplexed address input permits the HM514258S/A to be 
packaged in standard 20-pin plastic DIP, 20-pin plastic SOJ and 20- 
pin plastic ZIP. 


Features 
¢ Single 5 V (410%) 
¢ Highspeed: Access Time 80 ns/100 ns/120 ns (max) 
¢ Lowpower: Standby 11 mW (max) 
Active 413 mW/358 mW/303 mW (max) 
¢ Static column mode capability 
¢ 512 refresh cycles: (8 ms) 
* 2variations of refresh: RAS-only refresh 
CS-before-RAS refresh 


Pin Arrangement 
e HMS514258SP ¢ HMS514258SJP ¢ HMS514258SZP 
Series Series Series 


¢ HM514258AP ° HM514258AJP ° HM514258AZP 


Series Series 


Hitachi Pin No. 





(Top View) (Top View) (Bottom View) 
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HMS514258SP Series 
HMS514258AP Series 


(DP-20NA) 


HM514258SJP Series 
HM514258AJP Series 


(CP-20D) 


HMS514258SZP Series 
HMS514258AZP Series 


(ZP-20) 





Pin Description 


Pin Name Function 
A0-—A8 Address input 
A0-A8 Refresh address input 
1/01-1/04 Data input/Data output 
RAS Row address strobe 
cs Chip select 
WE Write enable 
OE Output enable 
Vcc Power supply (+5 V) 
Vss Ground 
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HM514258S Series, HM514258A Series 


Ordering Information 


Type No. Access Time Package Type No. Access Time Package 
HMS14258P-8S 80 ns 300-mil 20-pin HM514258AP-8 80 ns 300-mil 20-pin 
HMS514258P-10S 100 ns plastic DIP HMS514258AP-10 100 ns plastic DIP 
HMS514258P-12S 120 ns (DP-20NA) HM514258AP-12 120 ns (DP-20NA) 
HMS514258JP-8S 80 ns 300-mil 20-pin HMS514258AJP-8 80 ns 300-mil 20-pin 
HM514258JP-10S 100 ns plastic SOJ HMS514258AJP-10 100 ns plastic SOJ 
HM514258JP-12S 120 ns (CP-20D) HMS514258AJP-12 120 ns (CP-20D) 
HM514258ZP-8S 80 ns 400-mil 20-pin HMS14258AZP-8 80 ns 400-mil 20-pin 
HMS514258ZP-10S 100 ns plastic ZIP HMS514258AZP-10 100 ns plastic ZIP 
HM514258ZP-12S 120 ns (ZP-20) HM514258AZP-12 120 ns (ZP-20) 


Block Diagram 
HMS514258S Series 


Control 
Circuit 





1/O1 =: 1/02 1/03 1/04 


1/0 Buffer 1/0 Buffer 


es 





Sense Amp & I/O Bus 
Sense Amp. & I/O Bus 


Column Decoder & Driver 


Row Address Buffer Column Address Buffer 





AO -A8 
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HM514258A Series 


RAS 
RAS Control 
Circuit 


1/01 


~ 
” 
ej 
2 
z 
a 
E 
< 
® 
” 
c 
o 
”) 


Row Decoder 


Row 


Absolute Maximum Ratings 


Item 
Voltage on any pin relative to Vss 
Supply voltage relative to Vss 
Short circuit output current 
Power dissipation 
Operating temperature 
Storage temperature 


698 


C5 Control 
Circuit 





cs OE 


WE 
WE Control 
Circuit 


1/04 


OE Control 
Circutt 





|/02 1/03 


—— 


Sense Amp. (PMOS) & !/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & !/O Bus 
Sense Amp. (NMOS) 
Sense Amp. (NMOS) 
Sense Amp. (PMOS) & !/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & !/O Bus 


Address Buffer 


Symbol Value 
VT —1.0 to +7.0 
Vcc —1.0 to +7.0 
Tout 50 
Pr 1.0 
Topr 0 to +70 
Tstg —55 to +125 

© HITACHI 


256k 
Memory 
Cell 


Array 


Column Address Buffer 


Sense Amp (NMOS) 





Unit 


mA 


"C 
2C 
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HM514258S Series, HM514258A Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C ) 


Item Symbol Min Typ Max Unit Note 
Vss 0 0 0 V 
Input high voltage Vin 2.4 — 6.5 V rs 
1/0 pin Vi. “10 = 0.8 V “i 
pubrow CNAs’: _<~Giner Vi 2.0 = 08 Vv “i 


Note: *1. All voltage referenced to Vss. 


DC Characteristics (Ta = 0 to +70°C, Vcc = 5V + 10%, Vss = 0V ) 
HM514258-8S HM514258-10S HM514258-12S 


Item Symbol HM514258A-8 HM514258A-10 HM514258A-12 Unit Test Conditions Note 
Min Max Min Max Min Max 
Operating Icci — 75 — 65 — 55 mA _ RAS,CS cycling mde et 
current trc = Min 
— 2 — 2 — 2 RAS, CS 
; = Vin TTL 
Standby current = Icc2 mA Dout=High-Z interface 
— 1 — 1 — 1 RAS, CS 2 


Vec-0.2V CMOS 
Dout = High-Z interface 
RAS-only Ices — 75 — 65 — 55 mA _ trc= Min = 
refresh current 





RAS = Vin 
Standby current —_Iccs — 5 — 5 — 5 mA CS=Vu “4 
Dout = enable 
CS-before-RAS — Ices — 65 — 55 — 45 mA _ trc=Min 
refresh current 
Static column Ices 2 65 = 55 a 45 mA _ tsc= Min vane 
mode current 
Input leakage Iu -10 10 —10 10 —10 10 wA OV<sVin<s7V 
current 
Output leakage ILo -10 10 -10 10 —10 10 pA OVsVout<s7 V 
current Dout = disable 
Output high Vou 2.4 Vcc 2.4 Vcc 2.4 Vcc V_ High Iout=-5 mA 
voltage 
Output low VoL 0 04 0 04 0 0.4 V_ LowlIout = 4.2 mA 
voltage 


Notes: *1. Icc depends on output load condition when the device is selected. 
Icc max is specified at the output open condition. 
*2. Address can be changed less than three times while RAS = Vit. 
*3. Address can be changed once or less while CS = Vn. 
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HM514258S Series, HM514258A Series 


Capacitance (Ta = 25°C, Vcc = 5 V+ 10%) 


Item Symbol Typ Max Unit Note 
Address Cn — 5 pF I 
Input capacitance Cok  — “Ge. == aR pF +] 
Input/Output capacitance Data input/Data output Cyo = 10 pF apate 


Notes: *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2, CS = Vi to disable Dout. 


AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, Vss = 0 V)""7."8 

Test Conditions 

¢ Input rise and fall times: 5 ns ¢ Outputload: 2TTL Gate + Ci (100 pF) 
¢ Input timing reference levels: 0.8 V,2.4V (Including scope and jig) 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 
HM514258-8S HM514258-10S HM514258-12S 


Item Symbol HM514258A-8 HM514258A-10 HM514258A-12 Unit Note 
Min Max Min Max Min Max 
Random read or write cycle time tRC 160 — 190 — 220 — ns 
RAS precharge time tRP 70 — 80 — 90 — ns 
RAS pulse width tRAS 80 10000 100 10000 120 10000 ns 
CS pulse width tsp 25 10000 30 10000 30 10000 ns 
Row address setup time tASR 0 — 0 — 0 — ns 
Row address hold time tRAH 12 — 15 — 15 — ns 
Column address setup time LASW 0 — 0 — 0 — ns 
Column address hold time tAHW 20 — 25 — 25 — ns 
RAS to CS delay time tRcD 22 55 25 70 25 90 ns is 
RAS hold time iRSL 25 — 30 — 30 — ns 
CS hold time tcsH 80 — 100 — 120 — ns 
CS to RAS precharge time tsRS 10 = 10 _ 10 — ns 
OE to Din delay time topD 20 — 25 —— 30 -— ns 
OE delay time from Din tbzo 0 — 0 — 0 — ns 
CS delay time from Din tDZc 0 — 0 — 0 — ns 
Transition time (rise and fall) tT 3 50 3 50 3 50 ns “!.*7 
Refresh period tREF — 8 a 8 — 8 ms 
© HITACHI 
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HM514258S Series, HM514258A Series 








Read Cycle 
HHMS514258-8S HM514258-10S HM514258-12S 
Item Symbol HM514258A-8 HM514258A-10 HM514258A-12 Unit Note 
Min Max Min Max Min Max 
Access time from RAS tRAC — 80 — 100 _ 120 ns ces 
Access time from CS tAcs a 25 — 30 — 30 ns ies 
Access time from address tAA = 40 —_ 50 oe 55 ns “3 "5, "14 
Access time from OE toac — 25 — 25 _— 30 ns 
Read command setup time tRCS 0 — 0 — 0 — ns 
Read command hold time to CS tRCH 0 — 0 — 0 — ns 
Read command hold time to RAS —_tRRH MOM vate 10 == 10 = ns 
RAS to column address hold time tAHR 15 = 15 = 15 = ns *16 
RAS to column address delay time — tRaD 17 40 20 50 20 65 ns *9 
Column address to RAS lead time tRAL 40 — 50 — 55 — ns 
Column address hold time from RAS tar 80 — 100 — 120 — ns 
Ooutput buffer turn-off time toFF = — 20 = 25 = 30 ns oo 
Output buffer turn-off to OE toFF2 — 20 — 25 — 30 ns 7 
Output hold time from address taoH 5 — 5 — 5 — ns 
CS to Din delay time tcpD 20 — 25 — 30 — ns 
CS hold time from OE tOCH 25 — 25 — 30 — ns 
OE hold time from RAS tROH 80 — 100 — 120 _ ns 
OE hold time from CS tcoH 25 = 25 = 30 = ns 
OE pulse width toEP 25 — 25 — 30 — ns 
Write Cycle 
HM514258-8S HM514258-10S HM514258-12S 
Item Symbol HM514258A-8 HM514258A-10 HM514258A-12 Unit Note 
Min Max Min Max Min Max 
Write command setup time twcs 0 — 0 — 0 — ns me 
Write command hold time twcH 20 — 25 — 25 _ ns 
Write command hold time to RAS twcr 75 — 95 — 115 — ns 
Write command pulse width twP 15 — 15 —- 20 — ns 
Write command to RAS lead time tRWL 25 — 25 — 30 — ns 
Write command to CS lead time tCWL Pie = 25 =e 30 nts ns 
Din setup time {Ds 0 —_ 0 — 0 — ns at 
Din hold time {DH 20 aa 25 — 25 — ns a 
Din hold time to RAS tDHR 75 — 95 — 115 — ns 
Column address hold time from RAS tawr 75 — 95 — 115 — ns 
Read-Modify-Write Cycle 
HMS514258-8S HM514258-10S HM514258-12S 
Item Symbol HM514258A-8 HM514258A-10 HM514258A-12 Unit Note 
Min Max Min Max Min Max 
Read-modify-write cycle time tRWC 220 — 255 — 295 — ns 
RAS to WE delay time trwo = 110 — 135 — 160 a ns ray 
CS to WE delay time tcwD 55 — 65 — 70 — ns nee 
Column address to WE delay time —‘ tawp 70 — 85 — 95 — ns ae 
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Refresh Cycle 
HMS514258-8S HM514258-10S HM514258-12S 
Item Symbol HM514258A-8 HM514258A-10 HM514258A-12 Unit Note 
Min Max Min Max Min Max 
CS setup time tCsR 10 — 10 — 10 — ns 
(CS-before-RAS refresh cycle) 
CS hold time tCHR 20 — 20 ~— 25 — ns 
(CS-before-RAS refresh cycle) 
RAS precharge to CS hold time {ZRH 10 — 10 — 10 — ns 


Static Column Mode Cycle 
HM514258-8S HM514258-10S HM514258-12S 


Item Symbol HM514258A-8 HM514258A-10 HM514258A-12 Unit Note 
Min Max Min Max Min Max 
Static column mode cycle time tsc 45 — 55 — 60 — ns 
Static column mode RAS pulse width tRASC — 100000 — 100000 — 100000 ns 
RAS to second WE delay time tRSWD 90 — 110 — 135 — ns 
Static column mode CS precharge time ts! 10 — 10 — 15 — ns 
Static column mode WE precharge time __ tw! 10 — 10 — 15 — ns 


Static Column Mode Read-modify-Write Cycle and Mixed Cycle 
HM514258-8S HM514258-10S HM514258-12S 


Item Symbol HM514258A-8 HM514258A-10 HM514258A-12 Unit Note 
Min Max Min Max Min Max 
Static column mode cycle time tsRW 120 — 140 — 160 — ns Ba 
on read-modify-write 
Access time from first WE tALW — 85 — 100 — 115 ns %3."13 
Last WE to column address delay time t.wap 25 45 25 50 30 60 ns ae 
Last WE to column address hold time = taHLw 85 — 100 — 115 — ns 


Notes: *1. AC measurements assume tT = 5ns. 

*2. Assumes that tRCD <tRCD (max) and tRAD StRAD (max). If tRCD or tRADis greater than the maximum recommended value shown 
in this table, tRAC exceeds the value shown. 

*3. Measured with a load circuit equivalent to 2TTL loads and 100pF. 

*4, Assumes that tRCD 2 tRCD (max) and tRAD S$ tRAD (max). 

*5. Assumes that tRCD < tRCD (max) and tRAD 2 tRAD (max). 

*6. tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

*7. Transition times are measured between VIH and VIL. 

*8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, if 
tRCD is greater than the specified trcD (max) limit, then access time is controlled exclusively by tacs. 

*9, Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, if 
tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by taA. 

*10. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) throughout the entire cycle; if tkwD 2 tRWD (min), tCcWD2tCWD (min) and tAWD 2 tAwD (min), the cycle is a read- 
modify-write and the data output will contain data read from the selected cell; if neither of the above sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate. oe 

*11. These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed write or read- 
modify-wirte cycles. 

*12. tsRW (min) = tAWD (min) + tLWAD (max) + tT 
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*13. 


*14, 
*15. 


*16. 
*17, 


*18. 


HM514258S Series, HM514258A Series 


Assumes that tLwAD < tLWAD (max). If tLwAD is greater than the maximum recomended value shown in this table, taLw 
exceeds the value shown. 

Assumes that tLWAD 2 tLWAD (max). 

Operation with the tLwaD (max) limit insures that taLW (max) can be met, tLWAD (max) is specified as a reference point 
only, if tLWAD is greater than the specified tLwAD (max) limit, then access time is controlled exclusively by taa. 

tAHR is defined as the time at which the column address hold. 

An initial pause of 100 ps is required after power-up followed by eight or more initialization cycles (any combination of 
cycles containing RAS clock such as RAS-only refresh). If internal refresh counter is used, eight or more CS-before-RAS 
refresh cycles are required. 

In delayed write or read-modify-write cycles, OE must disable output buffers prior to applying data to the device. 
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Timing Waveforms 
Read Cycle 
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Delayed Write Cycle 
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RAS-Only Refresh Cycle 


OE, WE : Don’t care 
Don't 


: Don’t care 
Refresh address: AO-A8 (AXO-AX8) 
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Static Column Mode Read Cycle 
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Static Column Mode Write Cycle (1) 
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Static Column Mode Read-Modify-Write Cycle 
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Supply Current Icc: (Normalized) 


Supply Current Icci (Normalized) 


Supply Current Icc2 (Normalized) 


Supply Current (Active) vs. Supply Voltage 


1.3 


0.9 
0.8 
07 
4.50 4.75 5.00 5.25 5.50 


Supply Voltage Vcc(V) 


Supply Current (Active) vs. Frequency 





Frequency f (MHz) 


Supply Current (Standby) vs. Supply Voltage 





Supply Voltage Vcc(V) 


HM514258S Series, HM514258A Series 


Supply Current (Active) vs. Ambient Temperature 


1.3 
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Ambient Temperature Ta (°C) 


Supply Current Icc: (Normalized) 


Supply Current (Standby) vs. Supply Voltage 


CMOS interface —_ 
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Supply Current Icc2 (Normalized) 


- 
= 
x 
-< 
-_ 





Supply Current (Standby) vs. Ambient Temperature 
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RAS Access Time vs. Supply Voltage RAS Access Time vs. Ambient Temperature 
= 12 12 
Goa Sot 
g Ss) 
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‘ 1.0 5 1.0 
oO 
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NY 
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°1450 4755.00 5.25 ~5:.50 075 30 a0 aa 30 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
CS Access Time vs. Supply Voltage CS Access Time vs. Ambient Temperature 


CS Access Time _tacs (Normalized) 
CS Access Time _tacs (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


Address Access Time vs. Supply Voltage Address Access Time vs. Ambient Temperature 





Address Access Time taa (Normalized) 





Address Access Time taa (Normalized) 


Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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HM514266AP/AJP/AZP-6/7/8/1 0/12— Preliminary ss 


262,144-Word x 4-Bit Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM514266A is a CMOS dynamic RAM organized 
262,144-word x 4-bit. HM514266A has realized higher density, 
higher performance and various functions by employing 1.34m 
CMOS process technology and some new CMOS circuit design tech- 
nologies. The HM514266A offers Fast Page Mode as a high speed 
access mode. 

Multiplexed address input permits HM514266A to be packaged in 
standard 20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP. 


M@ FEATURES 


e Single 5V (+ 10%) 
e High Speed 
Access Time................ 60/70/80/100/120ns (max.) 

e Low Power Dissipation 

Active Mode ............. 495/440/363/303/259mW (max.) 

Standby Mode............... 000s 11 mW (max.) 
e Fast Page Mode Capability 
e 512 Refresh CycleS........ 0.0... ccc cece eee (8 ms) 
e 2 Variations of Refresh 

RAS-Only Refresh 

CAS-Before-RAS Refresh 
e Write per bit capability 


@ ORDERING INFORMATION 





HM514266AP-6 
HM514266AP-7 300 mil 20 pin 
HM514266AP-8 Plastic DIP 
HM514266AP-10 (DP-20NA) 
HM514266AP-12 
HM514266AJP-6 
HM514266AJP-7 300 mil 20 pin 
HM514266AJP-8 Plastic SOJ 
HM514266AJP-10 (CP-20D) 
HM514266AJP-12 
HM514266AZP-6 
HM514266AZP-7 400 mil 20 pin 
HM514266AZP-8 Plastic ZIP 
HM514266AZP-10 (ZP-20) 
HM514266AZP-12 
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@ PIN DESCRIPTION 


Pin Name 
Ap-Ag 
Ao-Ag 


W,/10,- 
W,/IO, 


RAS 
CAS 
WB/WE 
OE 
Vcc 
Vss 


(DP-20NA) 


(CP-20D) 


(ZP-20) 





Function 
Address Input 
Refresh Address Input 


Write Select/ 
Data-In/Data-Out 


Row Address Strobe 
Column Address Strobe 
Write Per Bit/Write Enable 
Output Enable 
Power Supply (+5.0V) 
Ground 
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@ PIN ARRANGEMENT 


© HM514266AP Series © HM514266AJP Series © HM514266AZP Series 


Hitachi Pin No. 7 


W1/lO1 

w2/l02 19 [] w4lo4 

WB/WE_ 18 [] W3/103 
RAS 


NC 
Ao 
Aj 





| (Top View) | | (Top View) | | (Bottom View) | 
M@ BLOCK DIAGRAM 
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HM514266AP/AJP/AZP-6/7/8/10/12 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter Value Unit 
Voltage on Any Pin Relative to Vss -1.0 to +7.0 V 
Supply Voltage Relative to Vgs Vcc -1.0 to +7.0 V 
Short Circuit Output Current ae ae 
Power Dissipation 
Operating Temperature 0 to +70 °C 
Storage Temperature -55 to +125 °C 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


Parameter — 


mT 
o|o 


Typ. Unit Note 


Supply Voltage 


Input High Voltage —— 


poe fp ee | et 


Input Low Volta ee 
| Others) 
(Others) 


NOTE: 1. All voltage referenced to Vss. 


ean 
On 
ut | | 


™@ DC CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V + 10%, Vsg = OV) 


514266A-6 | 51426647 | 514266A-8 | 514266A-10 |514266A-12 : 
nit ote 


Parameter Symbol Test Conditions 


< 
i 


TTL Interface 
RAS, CAS = Vin 
Dour = High-Z 


Standby Current lec 
CMOS Interface 
RAS, CAS = Nee -0.2V 


RAS-Only 
Refresh Current Iecs 


RAS = V,;, CAS = Vy, 
Dour = Enable 


CAS-Before-RAS I ; — 
Refresh Current CC6 ke 
Fast Page 





Standby Current lees 


je 
oma 
N 
p 3 
7) 





urrent 
Output Leakage OV <= Vour = 7V 
Current Dour = Disable 
Output High 
Voltage 8 Vou | HighIoyp = -5 mA Vee Voc 2.4 | Voc} 2.4 | Veco} Vv 
Output Low Voltage Ee Van Low Iour = 4.2mA | 0 | 0.4 | 


NOTES: 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CAS = Vjn. 
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HM514266AP/AJUP/AZP-6/7/8/10/12 
Ml CAPACITANCE (T, = 25°C, Voc = 5V + 10%) 


Parameter Symbol Typ. Max. Note 
Input Capacitance (Address) | Cn | 1 


Pp 
Pp 


a 
—" 


"Ti 
= 
nN 


a 
Input Capacitance (Clocks) it Cin ee 
Output Capacitance (Data-In, Data-Out) | Cy | -— | 10 


NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Viq to disable Dour. 


Pp 


m@ AC CHARACTERISTICS (T, = 0°C to 70°C, Voc = SV + 10%, Vsg = OV)(), (4) 
e Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


514266A-6 514266A-7 514266A-8 514266A-10 | 5 
Parameter Symbol 


BR 
NS) 
nN 
nN 
> 
iS) 


Unit | Note 


oe es ee fee ae | 
Random Read or WiteGyae Tine | wo | 20 | — | oo] — | wo | — | wo] — |ao| — [a 
RAS Precharge Tine wr | |-{%0]-{|~»|-|m{|-|~|-|e| 
RAS Pulse Wii xs | 6 [10000] 70 [10000 | 20 [0000 | 00 [e000 | 120 [16000] ns 
Row Assen SecupTine | wx | 0 |-]0]-|o]-|o,-|o|-|a_ 
Row Address Hold Time — 12 f= | 6 | — 5 i ns 
Cotumn Address SU Tine | we | 0 |-]|e{-|o]-|e,|-|e]-|= 
Cowume Adres HoldTine | tom | 5 |— | 6 |-]%]-|~»{-|[s]-|o| 
a Gece 
RAS Hol Tine en | [-[o]}-[sl-|[sl-|[»[- [a 
TAS Holt Tne Tew | | — |] —| | —| mw] — | ool — | om 
TAS ORAS Preawree Te | tow | ©|-|»|-|o{-|]-|~]-]o=s 
¢ Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

Max. 

OE Dy Del Tin Teo | |-[%»]|-[»{-|[s]-|o|-|a_ 
OF Dety TineFromDy | two | |-|o]-|}e]-]o|-]o|-|= 
TAS Doty Tine FromDn | wwe | 0 |-|o}-|e|-|e]-|e|-|a_ 
Transition Time (Rise and Fall) | t | 3 | 50 | 3 | 50 | 3 | so | 3 | so | 3 | 50 | os | i: 
Reish Pr Tee [ts f-Tet-fel-fs[- ts [om 
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HM514266AP/AJP/AZP-6/7/8/10/12 


e Read Cycle 


dy 
wy 
NO 
nN 
ON 
> 
N 
bad 
6 
nN 
ON 
> 
~ 
= 
cS 
N 
Nn 
Hn 
> 
oo 
~ 
ms 
N 
nN 
nN 
> 
S 
= 
cs 
nN 
nN 
Nn 
> 
poet 
NO 
Zz 


NH] bd NN] BI] bd 1 
o!l|lo Mm Ol] na 

tv NS <= 

17) Lo) 3 


Parameter Symbol : ote 
Max 
Access Time From RAS trac 
Access Time From CAS 


> 
o) 
Wi Ww! do 
Ml & | 


Access Time From Address 


> 


= 5 > 
= 
cS 
NO 
N 
ON 
> 
fo, 
A 
& 
N 
fo) 
n 
> 
~ 
dy 
cS 
N 
Nn 
ON 
> 
oo 
= 
cS 
NS) 
N 
nN 
> 
la 
i) 
= 
= 
N 
N 
nN 
> 
_—_ 
iS) 
Z 


Access Time From OE 
Read Command Set-Up Time trcs 
Read Command Hold Time to CAS trcH 
Read Command Hold Time toRAS | tery 


Column Address to RAS Lead Time traL 2 
Output Buffer Turn-Off Time torr 6 
Output Buffer Turn-Off to OE toes 6 


Nid NH} wl nN 
nN Ww 
Nin Nl wl rm} va = ‘ 
ol1o C1mMs|o;o]s 
yY aS 
jeff fifi [i fee] elE 7 
AlN Al nia v1 
fe) a 
Wl w& WiMml WtEPH < ! 
=) 
=. 


tN 


CAS to Djy Delay Time tcpp 


e Write Cycle 


Parameter Symbo ote 
io. [Max | Min. [Max [Min 
Write Command Set-Up Time twcs | 0 | D>! 10 
Write Command Hold Time twcoH 


Write Command Pulse Width 
Write Command to RAS Lead Time tawL 


Write Command to CAS Lead Time tow. 


a 
roman 


Data-In Set-Up Time DS 
Data-In Hold Time 


= 
~~ 
— N | dN — = 
ws oO!l1o a =} 
can) mil aint oe =) 
<3 
Pa 
N wiwyt ny] vm 
<|? 
=] 
=o 


— 
pana 


NO 
8 


tonal 





e Read-Modify-Write Cycle 


= 
a 
NO 
nN 
nN 
> 
ON 
= 
ft 
z 
> 
~ 
= 
L 
Np 
OO 
nN 
a 
[oe] 
= 
a 
No 
nN 
nN 
> 
Lol 
jon) 
wr 
pore 
Bp 
N 
ON 
fo) 
| 
— 
nN 


at 
oO 


Column Address to WE Delay Time tawp 
OE Hold Time From WE tory 


Parameter Symbol Min. | Max Min. | Max. | Min. | ae Min. | Max. | Min. | Max. Unit | Note 
Read-Write Cycle Time tawc | 170 | 180 | 220 255 | — | 295 | — | 
RAS to WE Delay Time bas 95 ey a oe | — | 
CAS to WE Delay Time ee | — | | | 10 
bie Ie Sosa ne 
SEES 


aS 
ri) 
al 
o 
—, 
i) 


an 
wy] oraz 


e Refresh Cycle 


Parameter Symbol Unit | Note 


CAS Set-Up Time t 
(CAS-Before-RAS Refresh Cycle) CSR 
CAS Hold Time (CAS-Before-RAS 


RAS Precharge to CAS Hold Time | treo | 10 | — | 0 | 


<|° 
* 


in 
feo 
_ 
NS} 
rox 
on 
> 
fon 
be 
ms 
NS) 
N 
fo) 
> 
“4 
nds 
_ 
to 
ron 
on 
> 
oO 
an 
oy 
NO 
rox 
ON 
> 
Pesan 
oO 
nd 
ms 
NS) 
ox 
ON 
> 
NS) 


Le) 
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HM514266AP/AJP/AZP-6/7/8/10/12 


e Fast Page Mode Cycle 


514266A-6 514266A-7 514266A-8 514266A-10 | 514266A-12 
Parameter Symbol it | Note 


one 
= 
- 


| Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | 
Fan Pg Mode GucleTime | we | | — |] —-|s}—|s]—|o | — |=! 
mee fe [= [le [lolol 
Precharge Time ‘cp 
Fant Pegs Mode RAS Pulse Width | twaso | — foo000] — [100000] —_|1ooooo] — fronoo] — _feooo0| ae | 12 
neces Tine From CAS Precaree |_tucr | — | © |— | 6 [—| 50 ]—| 9 |—-|@ |m|o 
2 ol SEE eee 
2 ele eee ee 
e Write Per Bit (15), (16) 
514266A-6 | 514266A7 | 514266A-8 } 514266A-10 | 10 | 514266A-12 
Parameter Symbol Siac. Unit | Note 


| Min. | Max. | Min. 
Write Per Bit Setup Time | twas | 0 | — | o | — | ns 
Write Per Bit Hold Time twee | 1 | — | 0 | — | 2{ —- | 6 | — | 5 | — | os | 
Write Per Bit Selection Setup Time | twos | 0 | po | ns | 
Write Per Bit Selection Hold Time | twou | 10 | | | ns | 


NOTES: 1. AC measurements assume tr = 5ns. 


2. Assumes that tpcp < trcp (max.) and trap S trap (max.). If trcp or trap is greater than the maximum 
recommended value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100pF. 
. Assumes that tpcp 2 trcp (max.) and trap = trap (max.). 
. Assumes that tpcp = trcp (max.) and trap = trap (max.). 


Nn & W 


. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 


7. Vin (min.) and Vi_ (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Viy and Vii. 

8. Operation with the trcp (max.) limit insures that trac (max.) can be met, trcp (max.) is specified as a reference 
point only, if tpcp is greater than the specified trcp (max.) limit, then access time is controlled exclusively by tcac. 

9. Operation with the trap (max.) limit insures that trac (max.) can be met, trap (max.) is specified as a reference 
point only, if trap is greater than the specified trap (max.) limit, then access time is controlled exclusively by taa. 


10. twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs = twcs (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tpwp = trwp (min.), tcwp = tcwp (min.) and tawp = 
tawp (min.), the cycle is a read-write and the data output will contain data read from the selected cell; if neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 


11. These parameters are referenced to CAS leading edge in early write cycles and to WB/WE leading edge in delayed 
write or read-modify-write cycles. 


12. trasc defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of taa or tcac or tacp. 


14. An initial pause of 100 ys is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). If the internal refresh counter is used, a 
minimum of eight CAS-before-RAS refresh cycles are required. 


15. When using the write-per-bit capability, WB/WE must be low as RAS falls. 


16. The data bits to which the write operation is applied can be specified by keeping Wi/IOi high with setup and hold 
time referenced to the RAS negative transition. 
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@ TIMING WAVEFORMS 
e Read Cycle 


| tac 
- te 
‘ aie 
tcrp 


suumiaemmaa te 
CAS i 


eae coma 
wa i s 


ae 
ri [LZ 


w1/lo1 ( Dout ‘ put 
trac cae toFF2 
: tcpp 
Din 





tozc 


W4/l04 


CE LLAMA LIL L LLL 


* V444, : Don't care 
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e Early Write Cycle 





RAS 
CAS 
Address 
tWCH 
— a 
‘wos twp DS tou 


wie" 0" ZK MB KID ws XIII 


W4/104 L pout Hi-Z 


OE :Don't care 


"VU : Don't care 
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HM514266AP/AJP/AZP-6/7/8/10/12 
¢ Delayed Write Cycle 


me) 
> 
” 
He 
ve) 





| tap, | 
Address 2 TE LTT 
a name — IN” WILLE 


tbH 


W4/104 
Dout 


OE ee LLLLLLLLLLL LLL 


*1 Invalid output 


"VU : Don't care 


eal 





HITACHI 
Hitachi America, Ltd. Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 719 


HM514266AP/AJP/AZP-6/7/8/10/12 


e Read-Modify-Write Cycle 


trwec 
RAS 
tf k tcrP 
t 
KE if RCD 
Les 


Address Yip; Te WES — y aaa SLLL LL 


cara 
| eee 


we, WE “2 oral L/" ta "WILL 


eat 
twos 


“ " ly: ven LLL LLL 
Hi-Z iin 


W4/ | Dout 





XL 
: LLL : Don't care 


CE LLL LO 
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e RAS-Only Refresh Cycle 


ey  aDnaCEOan i 
Oe 

<3 OF TIE 

Rae LLP 808 ILLLLLLLLL LLL 


1 OE, WE : Don't care 


2 GF : Don't care 


e CAS-Before-RAS Refresh Cycle 


ee 


Address, Din, WE : Don't care 
Dout: High-Z 
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e Fast Page Mode Read Cycle 


RAS 


CAS 





Address “PX Row ° SO te leek Se 


bial au 


Sie 
~ mare “ll| ld ae | ig 
ae af 7 


W1/101 Din TTT} — les ie 
o* 
yt Lee tcac ie Be 
be - imal : torFt 
baz an Hi-Z 
W4/1I04\ pout es 
toac rv 
tpzo 






fe ony topp os torF2 


toac | LL 


*V///) : Don't care 
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¢ Fast Page Mode Early Write Cycle 





tRSH trp 


RAS | 

t tcsH tpc 

Sa toRP 
ae Peed tcas 
- N ae 


el all 
Address 7/X_Row DQ/7X FP to em 






tWCH 


“al I zak zal | WZ 


WB, WE Ht S12 Y 
~ =i i a a 


wa4/l04 pout Hi-Z 





OE : Don't care 


: Vf) : Don’t care 
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e Fast Page Mode Read-Modify-Write Cycle 
> 
trasc g 
RAS 


| tpom 
a = ne 
| 





w1/101 ¢ Dout eG: | y Vaid 
| toac 
> 
W4/104 | HI-Z Valid 


Din S Output Output 
tpzo 
OE : q 
D 


LLLL A : Don't care 
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HM511000S Series 
HM511000A Series 


1048576-word x 1-bit CMOS Dynamic RAM 


The Hitachi HM511000S/A series is a CMOS dynamic RAM SMS LOOOSE Senck 
organized 1048576-word x 1-bit. HM511000S/A has realized HMS511000AP Series 
higher density, higher performance and various functions by 
employing 1.3 4m CMOS process technology and some new 
CMOS circuit design technologies. 

The HM511000S/A offers Fast Page Mode as a high speed 
access mode. 

Multiplexed address input permits the HM511000S/A to be 
packaged in standard 18-pin plastic DIP, 20-pin plastic ZIP and 
20-pin plastic SOJ. 


(DP-18C) 


HMS511000SJP Series 
Features HMS511000AJP Series 


@ High speed; Access time 80/100/120 ns (max) 

@ Low power; 11 mW standby, 385/330/275 mW active 

@ Single 5V supply (10%) 

@ Fast page mode capability 

@ 512 refresh cycle; (8 ms) 

@ 2 variations of refresh; RAS-only refresh 

CAS-before-RAS refresh (CP-20D) 

Pin Arrangement HMS511000SZP Series 
HMS 11000SP Series HM511000SJP Series HM511000AZP Series 
HMS511000AP Series HM511000AJP Series 


Hitachi Pin No. 
JEDEC Pin No. 





Din 
WE 
RAS 


bail (ZP-20) 





NC 
me Pin Description 
Al Pin Name Function 
A2 AO — A9_ Address input 
A3 7 ; 
(Top View) AO A8 Rete address input 
Vec Din Data input 
HMS 11000SZP Series aor OU. Data output 
HM511000AZP Series (Top View) RAS —_ Row address strobe 
CAS 2 1 A9 CAS Column address strobe 
ts a 3 Dout WE Read/Write input 
ia 5 Din TF*! — Test function 
bhai 7 RAS Vcc Power (+5V) 
aoe 9 TF" Vss Ground 
NC 10 
11 AO Note) 
ate 13 A2 *1. TF pin can be connected with 
A3 14 any line or unconnected pro- 
rer 15 Vcc vided the voltage level of TF pin 
17 AS must be kept lower than Vcc + 
A6 18 0.5V. 
19 A7 
A8 20 
(Bottom View) © HITACHI 
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HM511000S/A Series 


Ordering Information 


Type No. Access Time Package Type No. Access Time Package 
HMS511000P-8S 80ns HMS511000AP-8 80ns 
HM511000P-10S 100ns ae HM511000AP-10 100ns os eg 
HMS511000P-12S 120ns = HMS511000AP-12 120ns 
HM511000JP-8S 80ns HM511000AJP-8 80ns 

300 mil 300 mil 
HMS511000JP-10S 100ns 30-pin Plastic Sos. + HM511000AJP-10 100ns 20-pin Plastic SOJ 
HMS511000JP-12S 120ns HM511000AJP-12 120ns 
HMS511000ZP-8S 80ns Hagar HM511000AZP-8 80ns et 
HM511000ZP-12S 120ns HM511000AZP-12 120ns 
Block Diagram 
HM511000S Series 
CAS We 


Control 
Circuit 





WE Din 
Control Control Buffer 
Circuit Circuit Dout 


Memory | Memory Memory | Memory Memory | Memory 


Sense Amp & |/O Bus 

Sense Amp. & |/O Bus 
Sense Amp. & 1/O Bus 

Sense Amp. & |/O Bus 
Column Decoder & Driver 


Row Address Buffer Column Address Buffer 





A0~AQ 
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HM511000S/A Series 


HM511000A Series 


5 
i 













CAS Control 
Circuit 


RAS Control 
Circuit 














Sense Amp. (NMOS) 





Sense Amp. (NMOS) 
Sense Amp. (PMOS) & |1/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & !|/O Bus 
Sense Amp. (NMOS) 
Sense Amp. (PMOS) & 1/O Bus 
Column Decoder & Driver 
Sense Amp (PMOS) & !/O Bus 
Sense Amp. (NMOS) 
















Row Decoder 









Row Address Buffer 


Column Address Buffer 


Absolute Maximum Ratings 





Parameter Symbol Rating Unit 
Voltage on any pin relative to Vgg VT ~1.0 to +7.0 Vv 
Supply voltage relative to Vgg Vcc ~1.0 to +7.0 Vv 
Short circuit output current IOUT 50 mA 
Power dissipation Pr 1.0 WwW 
Operating temperature Topr 0 to +70 C 
Storage temperature T stg -55 to +125 af 
© HITACHI 
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HM511000S/A Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol Min Typ Max Unit 
Supply voltage Vcc 4.5 5.0 5.5 Vv 
“Input high voltage Vy 24 #2- #465 0V 
“Inputlowvoltage Vip -20 —  O8  V 


Note) All voltages referenced to Vgg. 


DC Characteristics (Vcc = 5V 10%, Vg = OV, Ta = 0 to +70°C) 
; HM511000-8S HMS11000-10S HM5S11000-12S 























Parameter Symbol HM511000A-8 HM511000A-10 HM511000A-12 Unit Test condition Note 
Min Max Min Max Min Max 

Operating _ _ 7 RAS, CAS cycling, 
et fa 6c 70 60 SO mA yet Sie *1,*2 

2 . 2 RAS, CAS = V TTL 
Standby a a 2 Dout = High-z'" interface 
current CC2 _ 1 7 1 _ 1 ™A RAS CAS Vcc -0.2V CMOS 

Dout = High-Z interface 
Refresh RAS-only refresh, - 
current lec3 a 60 2 59 = 45 MA trc= Min Me 
Standby 2 RAS = Vin, CAS = Vj, 
current lccs 5 ~ 5 ‘ 5 MA pout = enable "1 
Refresh CAS-before- RAS refresh, 
current Icce 7 60 ‘ 50 - 40 mA tRC = Min. 
Fast page a 7 RAS = VIL, CAS cycling, 
mode current !CC7 . = _ 40 mA tpc= Min ee 
Input leakage Ipy —10 10 —10 10 —10 10 HA ViIn=0to+7V 
Output = ¥ & VouT = 0 to +7V, 
leakage ILo 10 10-10, 10-10, 10 HA out = disable 
Vv 2.4 Vi 2.4 Vi 2.4 Vi V I = it 

Output levels — OH CC cc CC out = —SmA eae. 


VoL 0 0.4 0 0.4 0 0.4 V_ = Iout=4.2mA 





Notes) *1. Iccdepends on output loading condition when the device is selected, [cc max is specified at the output open 


condition. 
*2. Address can be changed less than three times while RAS= Vyy_. 
*3, Address can be changed once or less while CAS = Vypy. 


Capacitance (Vcc = 5V + 10%, Ta= 25°C) 


Parameter Symbol Typ Max Unit Note 
taputcapacitance Address, Data input Ci = 5 pF #4 
Clocks Cr 2 7 pF #1 

Output capacitance Data output Co = 7 pF #1 *2 


Notes) *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vin to disable Dout. 
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HM511000S/A Series 





AC Characteristics (Ta = 0 to +70°C, Vss = OV, Voc = 5V + 10%) 


Test Conditions 
@ Input rise and fall times: 5ns ® Output load: 2 TTL Gate+C, (100pF) 
@ Input timing reference levels: 0.8V, 2.4V (Including scope and jig) 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 





HM511000-8S HM511000-10S HM511000-12S 














Parameter Symbol HM511000A-8 HM511000A-10 HMS511000A-12 Unit Note 
Min Max Min Max Min Max 
Random read or write cycle time tre 160 ~ 190 ~ 220 — ns 
RAS precharge time trp 70 - 80 — 90 - ns 
RAS pulse width tRAS 80 10000 100 10000 120 10000 = ons 
CAS pulse width tcas 25 10000 25 10000 30 10000 ns 
Row address setup time taSR 0 ~ 0 — 0 — ns 
Row address hold time tRAH 12 - 15 _ 15 — ns 
Column address setup time tasc 0 _ 0 — 0 — ns 
_Colummad Gress DOIG in aa ieee ORM = OU eS 
RAS to CAS delay time tRcD 22 55 25 75 25 90 ns *§ 
RAS to column address delay time tRAD 17 40 +=. 20 55 20 65 ns *9 
RAS hold time tRSH 25 | 25 - 30 - ns 
CAS hold time tcsH 80 100 = 120 - ns 
CAS to RAS precharge time tcrp 10 — 10 — 10 — ns 
Transition time (rise and fall) tT 3 50 3 50 3 50 ns *7 
Refresh period tREF _ 8 - 8 -— 8 ms 
Read Cycle 
HMS511000-8S HM511000-10S HM511000-12S 
Parameter Symbol HM5S11000A-8 HM511000A-10 HMS511000A-12 Unit Note 
Min Max Min Max Min Max 
Access time from RAS tRAC - 80 100 - 120 ns  *2,*3 
~ Access time from CAS tcac - 25 = 25 = 30 ns *3*4 
Access time from address tAA _ 40 — 45 — 55 ns *3,°5 
Read command setup time trcs 0 _ 0 ~ 0 _ ns 
Read command hold time to CAS | tRCH 0 _ 0 _ 0 — ns 
Read command hold time to RAS tRRH 10 - 10 ~ 10 _ ns 
Column address to RAS lead time tRAL 40 2 45 = 55 - ns 
Output buffer turn-off time torFF - 20 — 25 = 30 —s ns *6 
Write Cycle 
HMS511000-8S HM511000-10S HM511000-12S 
Parameter Symbol HM511000A-8 HM511000A-10 HM511000A-12 [pit Note 
Min Max Min Max Min Max 
Write command setup time twcs 0 - 0 _ 0 _ ns *10 
~ Write command hold time twcH 20 _ 20 — 25 — ns 
Write command pulse width twp 15 _ 15 _ 20 a ns 
Write command to RAS lead time tRWL 25 = 25 a 30 _ ns 
Write command to CAS lead time tcwL 25 = 25 can 30 Pa ns 
Data-in setup time tps 0 _ 0 ~— 0 — ns *11 
“Datainholdtime = | tpy 20 — 2 — 25 — ns *l1 
© HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 © (415) 589-8300 729 





HM511000S/A Series 








Read-Modify-Write Cycle 
HM511000-8S HM511000-10S HM511000-12S 
Parameter Symbol HM511000A-8 HM511000A-10 HM511000A-12 Unit Note 
Min Max Min Max Min Max 
Read-write cycle time trwc 190 — 220 _ 255 - ns 
RAS to WE delay time trwp 80 - 100 — 1200 - ns *10 
CAS to WE delay time tcwo 25 - 25 — 30 - ns *10 
Column address to WE delay time tawp 40 = 45 a 55 & ns *10 
Refresh Cycle 
HM511000-8S HM511000-10S HMS511000-12S 
Parameter Symbol HM511000A-8 HMS11000A-10 HM511000A-12 Unit Note 
Min Max Min Max Min Max 
CAS setup time (CAS-before-RAS refresh) tCSR 10 - 10 - 10 - ns 
CAS hold time (CAS-before-RAS refresh) tCHR 20 - 20 - 25 — ns 
RAS precharge to CAS hold time tRPC 10 = 10 = 10 . ns 
Fast Page Mode Cycle 
HM511000-8S HM511000-10S HM511000-12S 
Parameter Symbol _HM511000A-8 HM511000A-10 HMS511000A-12 Unit Note 
Min Max Min Max Min Max 
Fast page mode cycle time tPC 55 —_ 55 — 65 _ ns 
CAS precharge time tcp 10 = 10 _ 15 = ns 
Fast page mode RAS pulse width tRASC —- 100000 — 100000 — 100000 _ ns *13 
Access time from CAS precharge tACP = 50 — 50 — 60 ns *14 
RAS hold time from CAS precharge trHcP 50 m 50 - 60 - ns 


Fast Page Mode Read-Modify-Write Cycle 
HM511000-8S HMS511009-10S HMS511000-12S 





Parameter Symbol 1{M511000A-8 HM511000A-10 HM511000A-12 Unit Note 
Min Max Min Max Min Max 
Fast page mode read-write cycle time tPCM 85 — 85 _ 100 — ns 


Notes) *1. AC measurements assume [7 = Sns. 

*2. Assumes that trcp S trcp (max) and trap <tRAp (max). If trcp or trp is greater than the maximum 
recommended value shown in this table, tp_4¢ exceeds the value shown. 

*3. Measured with a load circuit equivalent to 2TTL loads and 100pF. 

*4, Assumes that trcp 2 tRcp (max), tRAD = tRAD (max). 

#5. Assumes that trop StRCp (max) and trap 2 tRADp (max). 

*6, torr (max) is defined as the time at which the output achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 

*7, Transition times are measured between Vyy and V7y. 

*8. Operation with the trcp (max) limit insures that tp4¢ (max) can be met, trCp (max) is specified as a refer- 
ence point only, if trcp is greater than the specified trop (max) limit, then access time is controlled exclu- 
sively by tCAc. 

*9,. Operation with the trap (max) limit insures that tp4¢ (max) can be met, tp4p (max) is specified as a refer- 
ence point only, if tr4p is greater than the specified tp4p (max) limit, then access time is controlled exclu- 
sively by t4 4. 

*10. twos, tRwD, tcwp and t4 wp are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if twos 2 twcs (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tpwp 2 tRwp (min), tcwp 2 tcwD 
(min) and tawp 2 tawpD (min), the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. = ae 

*11, These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

*12. An initial pause of 100us is required after power-up followed by eight or more initialization cycles (any combi- 
nation of cycles containing RAS clock such as RAS-only refresh). If internal refresh counter is used, eight or 
more CAS-before-RAS refresh cycles are required. 

*13. tRASc is determined by RAS pulse width in fast page mode cycle. 

*14. Access time is determined by the longer of t4,4, tCAC or taACP. 
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HM511000S/A Series 


Timing Waveforms 
Read Cycle 





- aie 
Lae | 
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tren 
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Early Write Cycle 





trac 
nas ae 


i. trsH_ 
— 
taser : tan 


som mK ome K LLL 


High-Z 


in 
Dout 
Notes) *1.{7: Don’t care 

%* 2. twos twos(min) 
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HM511000S/A Series 


Delayed Write Cycle 


tre 


tee TTT 
2 UUM 


(//4 * Don't care. 


Read-Modify-Write Cycle 


trwe 
2 


Dot = rae 


= Cie = WTI 


yO oe a 
<= 


CA: Don't care 
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HM511000S/A Series 
RAS-Only Refresh Cycle 
RAS 


tra 


Ss 





f ia t apc 
Bs SLLLLLLL/ | NO TII IIIT LT 


naar LL LL KILLS LLL LL LLL 


Dout High"Z 
CAS-Before-RAS Refresh Cycle 





High-Z 
Dout 
V///) > Don’t care 
Fast Page Mode Read Cycle 
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HM511000S/A Series 


Fast Page Mode Write Cycle 


hte T= OK = Sst Soom 
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= 
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High-Z*? 


Notes) *1.277: Don't care 
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Fast Page Mode Read Modify Write Cycle 
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HM511000S/A Series 


SUPPLY CURRENT (ACTIVE) vs. SUPPLY VOLTAGE SUPPLY CURRENT (ACTIVE) vs. AMBIENT TEMPERATURE 
13 


Supply Current /cc1 (Normalized) 
Supply Current cc: (Normalized) 





Supply Voltage Vic (V) Ambient Temperature Ta (°C) 


SUPPLY CURRENT (ACTIVE) vs. FREQUENCY SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE 


Supply Current /cc:1 (Normalized) 
Supply Current Jcce, CMOS Interface (Normalized) 





Frequency f (MHz) Supply Voltage Vic (V) 


SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE SUPPLY CURRENT (STANDBY) vs. AMBIENT TEMPERATURE 





1.3 

1.2 
FE: e 11 
8 10 
5 5 
: E09 
5 5 
Ri = 
S & 
a g: 08 

0.7 

0 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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HM511000S/A Series 





RAS ACCESS TIME vs. SUPPLY VOLTAGE RAS ACCESS TIME vs. AMBIENT TEMPERATURE 

1.3 1.3 

B12 8 12 

z2 1 Zo 

u 1.0 g 1.0 
am al 
A 

é 0.9 9 0.9 
< <x 
W N 

Ss os x gg 

0.7 0.7 

4.50 4.75 5.00 5.25 5.50 0 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
CAS ACCESS TiME vs. SUPPLY VOLTAGE CAS ACCESS TIME vs. AMBIENT TEMPERATURE 

1.3 

3 3 1.2 
: 
E E 

Zz Zz 1.1 

& - 1.0 
E E 
be 

é g 03 
< < 
wn 9) 

is < 08 

0.7 

0 20 40 60 80 
Supply Voltage Vcc (V) Arnbient Temperature Ta (°C) 
ADDRESS ACCESS TIME vs. SUPPLY VOLTAGE ADDRESS ACCESS TIME vs. AMBIENT TEMPERATURE 


Address Access Time taa (Normalized) 
Address Access Time taa (Normalized) 





Supply Voltage Vec (Vi Ambient Temperature Ta (°C) 
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HM511000ALP/ALJP/ALZP-8/10/12— Preliminary  ——™” 


1,048,576-Word x 1-Bit Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM511000ALP/ALJP/ALZP family is a CMOS dy- 
namic RAM organized 1,048,576 word x 1-bit. HM511000ALP/ 
ALJP/ALZP has realized higher density, higher performance and 
various functions by employing 1.3u4m CMOS process technology 
and some new CMOS circuit design technologies. The 
HM511000ALP/ALJP/ALZP offers Fast Page Mode as a high speed 
access mode. 

Multiplexed address input permits the HM511000ALP/ALJP/ 
ALZP to be packaged in standard 18-pin plastic DIP, 20-pin plastic 
SOJ and 20-pin plastic ZIP. 


@ FEATURES 


e Single 5V (+ 10%) 
¢ High Speed 
ACCOSS TING 25a eo Saison as ae 80/100/120ns (max.) 

e Low Power Dissipation 

Active Mode .................44- 385/330/275mW (max.) 

Standby Mode ............... 2c cece eee 1.7mW (max.) 
e Fast Page Mode Capability 
e 512 Refresh Cycles. ....... 0.0.0... cece eee (64 ms) 
e 2 Variations of Refresh 

RAS-Only Refresh 

CAS-Before-RAS Refresh 


@ ORDERING INFORMATION 


HMS511000ALP-8 300 mil 18 pin 





HMS11000ALP-10 Plastic DIP 
HMS511000ALP-12 (DP-18C) 
HMS511000ALJP-8 300 mil 20 pin 
HMS511000ALJP-10 Plastic SOJ 
HMS511000ALJP-12 (CP-20D) 
HMS511000ALZP-8 400 mil 20 pin 
HMS511000ALZP-10 Plastic ZIP 
HMS511000ALZP-12 (ZP-20) 
@ HITACHI 


(DP- 18C) 


(CP-20D) 





(ZP-20) 


Mm PIN DESCRIPTION 


Pin Name Function 
Ao-Ag Address Input 
Ao-Ag Refresh Address Input 

Din Data-In 
Dout Data-Out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
TF Test Function* 
Vec Power Supply (+5V) 
Vss Ground 


TF pin can be connected with any lines 
on P.C. board. However, the voltage 
level of TF pin must be kept lower than 
Vec + 0.5V. 
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HM511000ALP/ALJP/ALZP-8/10/12 


@ PIN ARRANGEMENT 
© HMSIIOOOALP Series 


¢ HMSILO00ALIP Series © HMSI1000ALZP Series 


Hitachi Pin No. 
JEDEC Pin No. | 


11 “26 
2 2 
3 24 

4 23 

5 


22 


18 
17 
16 
15 
14 





(Top View) i | (Bottom View) 
@ BLOCK DIAGRAM 


RAS CAS WE 


CAS Control 
Circuit 
Din 


vo 
i Buffer Dout 





RAS Control 
Circuit 






Sense Amp. (NMOS) 
Sense Amp. (PMOS) & I/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & I/O Bus 
Sense Amp. (NMOS) 
Sense Amp. (NMOS) 
Sense Amp. (PMOS) & I/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & I/O Bus 
Sense Amp. (NMOS) 


Ao-Ag 
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HM511000ALP/ALJP/ALZP-8/10/12 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter — Value Unit 
-1.0 to +7.0 V 


ae +7.0 V 


Voltage on Any Pin Relative to Vg 
Supply Voltage Relative to Vos 
Short Circuit Output Current | er 
Power Dissipation 
0 to +70 2C 
-55 to +125 °C 


Operating Temperature Topr 


=| 
> 


Storage Temperature 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


Parameter [Symbot_[ Min. | Typ. | Max. | Unt [Now 
Supply Voltage ae ee 
Input High Vole 7 a 
input Low Voltage Mi oe 


NOTE: _ 1. All voltage referenced to Vss. 


™ DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5V + 10%, Vss = OV) 


P. Symbol Test Condi | HMSHOOOAL-8 | 8 HMSHOOOAL-10 | HMSIIOO0AL-12 
arameter mbDo est Conditions 


f 


Unit | Note 


< 


A 
i) 
es 
iw) 


TTL Interface RAS, 





Dout = High Z 
Standby Current lec 






CMOS Interface RAS, 
CAS = Vec — 0-2V 
Dour = High Z 


= 
> 





RAS-Only Refresh Current | I¢c3 mA {| 2 
t 125us, CAS 
Battery Back-Up Current lees Before Ris Cycling 


3 
> 


Standby Current lecs 





CAS-Before-RAS Refresh 
Current 


Fast Page Mode Current Me 


OV < Voyr = 7V 


40 


3 
> 


Iec6 trc = Min. 


40 


— 
Ww 


~ 


ee 
©) 


o 


Output Leakage Current Dour = Disable 
Output High Voltage High Inyy = -SmA 2.4 cc 
Output Low Voltage Low Ioyr = 4.2 mA Seon eee 


NOTES: 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CAS = Vin. 


4. tras = tras min. to | ps 
Input voltage: All pins < Vcc - 0.2V or s 0.2V. 
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HM511000ALP/ALJP/ALZP-8/10/12 
lM CAPACITANCE (T, = 25°C, Vcc = 5V + 10%) 


Parameter Typ. | Max. | Unit | Note 
Input Capacitance (Address, Data-In) | Ch | — | 5 | pF | 1 
Input Capacitance (Clocks) | Cp | — | 7 | pF iY 1 
Output Capacitance (Data-Out ) | Co | — | 7 | pF 2 


NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vin to disable Dou. 


@ AC CHARACTERISTICS (T, = 0°C to 70°C, Voc = 5V + 10%, Vg = OV)(): (12) 
e Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


are HMS11000AL-8 HMSII000AL-12 sises 
| Min. | Max. | | Min. | Max. | | Min. | Max. | 

Random Read or Write Cycle Time | tao | 160 | — | 190 |. — | 220 | — | ms 
RAS Precharge Time ak tae eee ee 
RAS Pulse With Teas | 80 | 10000 | 100 | 10000 | 120__| 10000_[ ns | 
CAS Pulse With teas | 25 | 10000 | 25 | 10000 | 30 | 10000 | 1s _ 
Row Address Set-Up Time ee a ee ee oe eee 
Row Address Hold Time tRAH 12 — | 6 | — | 5 | — ns 
Column Address Set-Up Time ee a ee eee es 
Column Address Hold Time egg 20 ao os | 
RAS to CAS Delay Time two | 2 | 35 | 25 | 7 | 25 | 90 | ms | 8 
RAS to Column Address Delay Time | tran | 17 | 40 | 20 | 55 | 20 | 65 | os | 9 
RAS Hold Time Eee ee ee 
CAS Hold Time cer a ea 
CAS 10 RAS Precharge Time | trp | 0 | — | 0 | — | 0 | — | os_ 
Transition Time (Rise and Fall) tr 13) 50 { 3 | 350 |3 | 50 | ms [7 
Refresh Period Tier | - | | — | o@ | — | o [ms 
e Read Cycle 

Parameter Symbol SE le ed ae Unit | Note 

| Min. | Max. | Min. | Max. | | Min. | Max. _ 

Access Time From RAS Piece | —- | © | — | mo | — | m0 | m [23 
Access Time From Address taa | — | 40 | — | 45 | — | 55 | os | 3,5 
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HM511000ALP/ALJP/ALZP-8/10/12 


e Write Cycle 
Parameter ee Unit | Note 
Max. 
Write Command Pulse Width ke eee ee eee 
e Read-Modify-Write Cycle 
HMS511000AL-8 HMSI000AL-12 | ___. 
Parameter Symbol Min. Min. Note 
Read-Write Cycle Time 90 | — | 220 | — | 225 | — | os | 
Column Address to WE Delay Time 40 oo oe ee 10 


e Refresh Cycle 


HMSIIO00AL-8 | HMSILOOOAL-10 | HMSLIOOOAL-12 ; 
Parameter Symbol - nit | Note 


< 
tot) 
Pad 


3 

CAS Setup Time _ 
0 
10 


(CAS-Before-RAS Refresh Cycle) 'CsR po] 
CAS Hold Time ie 
(CAS-Before-RAS Refresh Cycle) CHR 


RAS Precharge to CAS Hold Time | tapc | 10 | 


=F 
= 





: 


99 
= 
a 


10 
10 


Ucar 


e Fast Page Mode Cycle 


10 

Beka Sumbo! |MSHOO0AL-8 | HMSIO00AL-10 |HMSUOOOAL-12 || 
arameter moo O 
Max. | Min, | Max. |°% 
Fast Page Mode Cycle Time | tee | 55 | | 55 a 65 
Fast Page Mode CAS Precharge Time o | — | © | — | 4 


Eon 
CAS eee 
Fast Page Mode RAS Pulse Width | trasc | — | 100000} — | 100000 
ae ee oe 
zm 


—— 


oS 


Access Time From CAS Precharge 
RAS Hold Time From CAS Precharge | taycp | 50 | — | 50 | — | 


S 
i) 
— 
Lo) 
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HM511000ALP/ALJP/ALZP-8/10/12 


e Fast Page Mode Read-Modify-Write Cycle 












HMSIIOOOAL-8_ | HMS1IO00AL-10 


ye | Min. [ Max. [ Min. | 
Fast Page Mode 


Read-Write Cycle Time Ftc | 95 | — 85 


NOTES: 1. AC measurements assume tr = S5ns. 


HMSILO00AL- 12 
Parameter 












2. Assumes that tpcp < trcp (max.) and trap = trap (max.). If tpcp or trap is greater than the maximum 
recommended value shown in this table, trac exceeds the value shown. 


3. Measured with a load circuit equivalent to 2 TTL loads and 100pF. 

4. Assumes that tpcp = trcp (max.) and trap S trap (max.). 

5. Assumes that tpcp < trcp (max.) and trap = trap (max.). 

6. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. Vin (min.) and Vy, (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vyy and Vy. 

8. Operation with the trcp (max.) limit insures that trac (max.) can be met, trcp (max.) is specified as a reference 
point only, if tpcp is greater than the specified trcp (max.) limit, then access time is controlled exclusively by tcac. 

9. Operation with the trap (max.) limit insures that trac (max.) can be met, trap (max.) is specified as a reference 
point only, if trap is greater than the specified trap (max.) limit, then access time is controlled exclusively by taa. 

10. twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs = twcs (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tawp = trwp (min.), tcwp = tcwp (min.) and tawp = 
tawp (min.), the cycle is a read-write and the data output will contain data read from the selected cell; if neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) 1s indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in a delayed write 
or a read-modify-write cycles. 

12. An initial pause of 100 us is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). If the internal refresh counter is used, a 
minimum of eight CAS-before-RAS refresh cycles are required. 

13. trasc defines RAS pulse width in fast page mode cycles. 


14. Access time is determined by the longer of taa or tcac or tacp. 
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HM511000ALP/ALJP/ALZP-8/10/12 


@ TIMING WAVEFORMS 


Dout 





e Read Cycle 
RAS 
CAS 
=e 
eee 
Address 7/4 Row IAQAIZg LAAT AITE SA 


RCH 
poh 


LLL | i Sep 





: Don't care 
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HM511000ALP/ALJP/ALZP-8/10/12 


e Early Write Cycle 


tre 


eee MOSH. 
== 


twcs tWCH 


wz LLLLLLO| | _ WLLL 


DH 


DIN LLL LLLLILLILL LK PRY L 
Dout a 
i : Don't care 
** twcs 2twcs (min) 
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HM511000ALP/ALJP/ALZP-8/10/12 


e Delayed Write Cycle 


tre 
— 
RSH 
4 naan 


Address (“XL Row KV al om mol VMI 


tres -t 


WE aka "WILL 


tos 


DIN LLLLLILLLL LLL LL LLL PRL LLL LLL 


‘VAY : Don't care 
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HM511000ALP/ALJP/ALZP-8/10/12 


e Read-Modify-Write Cycle 


RAS 


tRwc 


uy 


He 


tasR E 


WE 


Din 


Dout 


746 


\ 


te 
ILL ¢ yz Vitiiliitidll 


ies) 
nae eoammen we: se ees LLL LLL LLL! 


torr 


fae a 
‘C7 : Don't care 
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HM511000ALP/ALJP/ALZP-8/10/12 
e RAS-Oniy Refresh Cycle 


CAS LL i SLIM LM IPED ID 


tasR 


address ZX <a. I LLLLLLLLLLLLLLLLLLL LL 


Dout 


RAS 


ZA: 


¢ CAS-Before-RAS Refresh Cycle 


tRAS 
RAS 


. [ Sie 


address LLL LLL LLL LLL LLL LLL LLL LLL 


OPEN 





Dout 


2 VY ff : Don't care 
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e Fast Page Mode Read Cycle 


RAS 


| lp 
7 a a 
CAS _ he - iS a 
nia oF Koes Meine 





Dout 





jp : Don't care 


© HITACHI 
748 Hitachi America, Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 
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e Fast Page Mode Early Write Cycle 


RAS 


CAS 


Address ‘// pl cas 


Fe 








twcs 
tWCH 


ste om 


toH 


E ot 


Open’ 
‘VZZ] : Don't care 
** twcs2twcs (min) 
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HM511000ALP/ALJP/ALZP-8/10/12 
e Fast Page Mode Read-Modify-Write Cycle 


tRasc trp 


RAS 


CAS 
tasr 


Address sa et I p [Column 1 1A AA» i [Column 2} | = OA ff, 





oni ; 


WE VV ph ff, App ff frves, tres | oe it 
Din ~ | ee alk gn (Serle 


(taco | 


torF torF 


: fj : Don't care 
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HM511000H Series 


1048576-word x 1-bit CMOS Dynamic RAM 










The Hitachi HM511000H series is a CMOS dynamic RAM or- 
ganized 1048576-word x 1-bit. HM511000H has realized higher 
density, higher performance and various functions by employing 
1.3 um CMOS process technology and some new CMOS circuit 
design technologies. 

The HM511000H offers Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM511000H to be 
packaged in standard 18-pin plastic DIP, 20-pin plastic ZIP and 
20-pin plastic SOJ. 


HM511000HP Series 


(DP-18C) 
HM511000HZP Series 


Features 

High speed; Access time 60ns/7Ons (max) 

Low power; 11 mW standby, 495mW/440mW active 

Single 5V supply (10%) 

Fast page mode capability 

512 refresh cycle; (8 ms) 

2 variations of refresh; RAS-only refresh 
CAS-before-RAS refresh 


(CP-20D) 
HM511000HS3P Series 


Pin Arrangement 
e HM511000HP Series © HM511000HUJP Series 


Hitachi Pin No. 
JEDEC Pin No. 


(ZP-20) 
TF*! 


Pin Description 
Pin Name Function 
AO — A9 Address input 
AO — A8 Refresh address input 
Din Data input 





Dout Data output 

RAS Row address strobe 
(Top View) CAS Column address strobe 

e HM511000HZP Series WE Read/Write input 


TF"! Test function 


(Top View) 








— 1 
CAS 2 ee Vcc Power (+5V) 
Vss 4 avout Vss Ground 
ee. 5 D 
WE 6 Note: 1. TF pin can be connected 
NC 8 7 RAS with any line or unconnected 
9 TF?! provided the voltage level 
NC 10 of TF pin must be kept 
Al 12 ay OS lower than Vcc +0.5V. 
13 A2 
A3 14 
15 V 
A4 16 ~ 
17 AS 
A6 18 
19 A7 
A8 20 
(Bottom View) © HITACHI 
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HM511000H Series 


Ordering Information 








Type No. Access Time Package 

a one de 300-mil 18-pin Plastic DIP 

See peta a 300-mil 20-pin Plastic SOJ 

nee patina Ba 400-mil 20-pin Plastic ZIP 

Block Diagram 
RAS CAS WE 

S a || ee | ee 
Circuit Circuit Circut_ | | fs Dout 





Memory | Memory Memory | Memory Memory | Memory 


Sense Amp & 1/O Bus 

Sense Amp & !/O Bus 
Sense Amp. & |/O Bus 

Sense Amp. & 1/O Bus 
Column Decoder & Driver 


Row Decoder Row Decoder Row Decoder 


Row Address Buffer Column Address Buffer 


A0~AQ 


© HITACHI 
752 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 








——HM511000H Series 


Absolute Maximum Ratings 


Parameter Symbol Rating Unit 
Voltage on any pin relative to Vgg VT -1.0 to +7.0 V 
Supply voltage relative to Vgg Vcc ~1.0 to +7.0 V 
Short circuit output current lOUT 50 mA 
Power dissipation PT 1.0 W 
Operating temperature Topr 0 to +70 “C 
Storage temperature Tstg -55 to +125 i & 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol Min Typ Max Unit 
Supply voltage Vcc 4.5 5.0 5.5 Vv 
“Input highvoltagge  Vyy 24 #2-—- 65 #V- 
“Inputlowvoltage $$ Vy,  -20 - O8 Vv | 


Note) All voltages referenced to Vgg. 


DC Characteristics (Vcc = 5V + 10%, Vss = OV, Ta = 0 to +70°C) 


HM511000H-6 HM5S11000H-7 . 
Parameter Symbol ——————___________———___ Unit Test condition Note 
Min Max Min Max 





Operating RAS, CAS cycling, 
current !cc1 - an - Be a tRC = Min shee 
_ y) Z ) RAS, CAS=Vyy = TTL 
Standby current ICC? ________—C——C—CM"’W"_|._—s mA._—sC_Dour tt = High-Z interface 
_ 1 = 1 RAS, CAS 2 Vcc -0.2V CMOS 
Dout = High-Z interface 
Refresh RAS-only refresh, 
current 1CC3 ia 20 7 a0 me tro = Min — 
Standby RAS » V7y, CAS = V7, 
current ICCS - 5 = 5 mA Dout « enable *1 
Refresh CAS-before-RAS refresh, 
current ICC6 7 70 - oe me tRC = Min 
Fast page mode RAS = V77_, CAS cycling, 
current Iccl = 20 7 7 my tPC = Min” *1,"3 
Input leakage Ip] -10 10 -10 10 HA Vyyn=0to+7V 
Output leakage Ig  -10 10 -10 10 ywA POUT) 10 +1V, 





VoOH 2.4 Vcc 2.4 Vcc Vv Iout =-5mA 
VOL 0 0.4 0 0.4 VV ilout =4.2mA 


Notes) *1. Ic¢c¢ depends on output loading condition when the device is selected. [¢¢ max is specified at the output open 
condition. 
*2. Address can be changed less than three times while RAS = V7. 
*3. Address can be changed once or less while CAS = V7y. 


Output levels 


Capacitance (Vcc = 5V + 10%, Ta= 25°C) 


Parameter Symbol Typ Max Unit Note 

; Address, Data input Cy 2s 5 pF *] 

Input capacitance Clocks Cp = 7 OF =f 
Output capacitance Data output Co = 7 pF ¥*1 *2 


Notes) *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CAS = Vin to disable Dout. 
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HM511000H Series 


AC Characteristics (Ta = 0 to +70°C, Vss = OV, Voc = 5V + 10%) 


Test Conditions 


@ Input rise and fall times: 5ns 
@ Input timing reference levels: 0.8V, 2.4V 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 


Parameter 


Random read or write cycle time 
RAS precharge time 

RAS pulse width 

CAS pulse width 

Row address setup time 

Row address hold time 

Column address setup time 
Column address hold time 

RAS to CAS delay time 

RAS to column address delay time 
RAS hold time 

CAS Hold Time 

CAS to RAS precharge time 
Transition time (rise and fall) 
Refresh period 


Read Cycle 


Parameter 


Access time from RAS 

Access time from CAS 

Access time from address 

Read command setup time 

Read command hold time to CAS 
Read command hold time to RAS 
Column address to RAS lead time 
Output buffer turn-off time 


Write Cycle 


Parameter 


Write command setup time 

Write command hold time 

Write command pulse width 
Write command to RAS lead time 
Write command to CAS lead time 
Data-in setup time 

Data-in hold time 
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® Output load: 2 TTL Gate+C, (100pF) 
(Including scope and jig) 


HMS511000H-6 
Symbol ; 

Min Max 
tRC 125 - 
tRP 55 _ 
tRAS 60 10000 
tCAS 20 10000 
tASR 0 = 
tRAH 10 _ 
tASC 0 a 
tCAH 15 ze 
tRCD 20 40 
tRAD 15 30 
‘RSH 20 = 
tCSH 60 = 
tCRP 10 = 
tT 3 50 
tREF = 8 

satel HMS 11000H-6 

Min Max 
tRAC — 60 
tCAC - 20 
taA _ 30 
‘RCS 0 = 
'RCH 0 = 
tRRH 10 ~ 
tRAL 30 - 
tOFF — 20 

Sebi HMS 11000H-6 

Min Max 
twCs 0 = 
twCH 15 zi 
twp 10 _ 
tRWL 20 = 
tCWL 20 = 
(DS 0 = 
tpH 15 - 

@ HITACHI 


0 
15 
10 
20 
20 

0 
15 


HMS11000H-7 


Min Max 
140 -- 
60 — 

70 10000 
20 10000 

0 fe 
10 - 
0 ee 
15 - 
20 50 
15 35 
20 - 
70 — 
10 _ 
3 50 
- 8 

HMS11000H-7 

Min Max 
-- 70 
- 20 
- 35 
0 ee 
0 m 
10 _ 
35 _ 
- 20 


HMS511000H-7 
Min 


Max 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ms 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


Note 


*8 
*9 


sa 


Note 


#7 *3 
*3,%4 
#345 


*6 


Note 


*10 


*11 
*11 


HM511000H Series 


Read-Modify-Write Cycle 
HM511000H-6 | HMS511000H-7 
Parameter SV ee re eee IE Note 
Min Max Min Max 
Read-write cycle time tRWC 150 — 165 - ns 
RAS to WE delay time tRWD 60 = 70 S ns *10 
CAS to WE delay time tcwD 20 — 20 — ns *10 
Column address to WE delay time taWD 30 ~ 35 _ ns *10 
Refresh Cycle 
Parameter Symbol se ES 2. TE Unit Note 
Min Max Min Max 
CAS setup time (CAS-before-RAS refresh) tCSR 10 ~ 10 — ns 
CAS hold time (CAS-before-RAS refresh) tCHR 15 — 15 - ns 
RAS precharge to CAS hold time tRPC 10 _ 10 ~ ns 


Fast Page Mode Cycle 
HM511000H-6 HMS 11000H-7 


Parameter Symbol ——-——_—_—__—___ Oo -—iC«tU nt Note 
Min Max Min Max 
Fast page mode cycle time tPC 45 — 50 — ns 
CAS precharge time tcp 10 — 10 ~ ns 
Fast page mode RAS pulse width tRASC - 100000 _ 100000 ns *13 
Access time from CAS precharge tacP — 40 — 45 ns *14 
RAS hold time from CAS precharge tRHCP 40 = 45 - ns 


Fast Page Mode Read-Modify-Write Cycle 


HMS511000H-6 HMS511000H-7 : 
Parameter Symbol ——---__--_———_ Unit Note 
Min Max Min Max 


Fast page mode read-write cycle time tPCM 70 — 75 ~ ns 





Notes) *1. AC measurements assume t7 = Sns. 

*2. Assumes that trop & trcp (max) and trap Strap (max). If trcp or trap is greater than the maximum 
recommended value shown in this table, tp 4¢ exceeds the value shown. 

*3. Measured with a load circuit equivalent to 2TTL loads and 100pF. 

#4. Assumes that trcp 2 trcp (max), trap StRAp (max). 

*5. Assumes that trop Strcp (max) and trap 2 tRAD (max). 

*6. torr (max) is defined as the time at which the output achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 

*7, Transition times are measured between Vyy and V7;. 

*8. Operation with the tpcp (max) limit insures that tp.4¢ (max) can be met, trcp (max) is specified as a refer- 
ence point only, if trcp is greater than the specified tpCp (max) limit, then access time is controlled exclu- 
sively by tc4c. 

*9, Operation with the tp4p (max) limit insures that tp.4¢ (max) can be met, trp. 4p (max) is specified as a refer- 
ence point only, if trp is greater than the specified tp 4 (max) limit, then access time is controlled exclu- 
sively by t4 4. 

*10. twcs, tRwD, tCwD and t4 wp are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if twos 2 twcs (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tpwp 2 tRwp (min), tcwp 2 tcwD 
(min) and tawp 2 tawp (min), the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. __ co 

*11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

*12. An initial pause of 100us is required after power-up followed by eight or more initialization cycles (any com- 
bination of cycles containing RAS clock such as RAS-only refresh). If internal refresh counter is used, eight 
or more CAS-before-RAS ) refresh cycles are required. 

*13. traAsc is determined by RAS pulse width in fast page mode cycle. 

*14, Access time is determined by the longer of t4,4, tC4c or t4cp. 
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HM511000H Series 


Timing Waveforms 
Read Cycle 


~Z° Don’t care 
Early Write Cycle 


RAS 





sae me WO m= KILI 


High-Z 
Dout 
Notes. *1./7: Don't care 


* 2. twes= t wos(min ) 
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HM511000H Series 


Delayed Write Cycle 


— in 


RAS 


T= 
oa KOK es LLL 


V//) : Don't care 


Read-Modify-Write Cycle 


RAS 
= 
tasr 


~ Sake ‘on haa 





= Seine jf 


tg ar i Cs 
= 
V//) : Don't care 
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HM511000H Series 


RAS-Only Refresh Cycle 


aa aeee ae 


RAS 


J ‘e Gai 
oR YLLLLLLL/ CSLIILLIL IA 7. 


nate TLL LB VIII IPI IA ILLS. 


High-Z 


o 


V////, Non't care 


CAS-Before-RAS Refresh Cycle 


er nee: 


High-Z 








: Don’t care 


Fast Page Mode Read Cycle 


mo 
 -SSRAEE 


wel fie et — 





wr a ' =e 


= ZZ ey th fe 


= 


Vahd Valid Valid 
Dout ( Output 1 ) ‘Ee. ‘ Output N y 
trac V///A ° Don't care 
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HM511000H Series 





Fast Page Mode Write Cycle 





aot: Lea EE ie ee Soom 





WE lL i Vm Sm 11. eo 


ya tbs eat KLIN Fs, KOI 


High-Z*? 


Notes eae Don 
( 


Fast Page Mode Read-Modify-Write Cycle 





aa (t= et 
EET Colum = PA Calamn 2 Speen 
ae a ae 
“LTH — ~ inca MI LLL LLL 


a mits a SE ee 


(////A Don't care 
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HM511000H Series 


SUPPLY CURRENT (ACTIVE) vs. SUPPLY VOLTAGE 


1.3 
1.2 
1.1 
1.0 
0.9 
0.8 
4 50 475 5 00 9.25 5 50 


Supply Current Jcc: (Normalized) 


Supply Current Jcc1 (Normalized) 


SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE 


Supply Current Jcce (Normalized) 


760 


Supply Voltage Vcc (V) 


s. FREQUENCY 


0.5 


01 


0.1 0.5 1.0 5.0 10.0 


Frequency f (MHz) 





SUPPLY CURRENT (ACTIVE) vs. AMBIENT TEMPERATURE 


Supply Current Jcc1 (Normalized) 


13 


12 


1.1 


09 


08 


0.7 


Oo 


20 40 60 80 


Ambient Temperature Ta (°C) 


SUPPLY CURRENT (STANDBY) vs.. SUPPLY VOLTAGE 


Supply Current /ccez, CMOS Interface (Normalized) 


1.3 


CMOS interface 





Supply Voltage Vic (V) 


SUPPLY CURRENT (STANDBY) vs. AMBIENT TEMPERATURE 


16 13 

14 12 
mo i 

1.2 ed 
6 

1.0 8 10 
Lae io 

0.8 no a 0.9 
2 
& 

" ccd al 7 

0.4 0.7 

4.5 .00 5 25 5.50 0 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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RAS ACCESS TIME vs. SUPPLY VOLTAGE 


1.3 
Ro 
S 

E 

Zz 1 

2 1.0 

ca 

g ag 

13) 

<x 

< 

xe 08 
0.7 

450 4.75 5 00 5 25 5 50 


Supply Voltage Vcc (V) 


CAS ACCESS TIME vs. SUPPLY VOLTAGE 


CAS Access Time tcac (Normalized) 


Supply Voltage Vec (V) 


ADDRESS ACCESS TIME vs. SUPPLY VOLTAGE 


0.9 


0.8 


Address Access Time taa (Normalized) 
Oo 


0.7450 475 5.00 5 25 5.50 


Supply Voltage Vcc (V) 





HM511000H Series 


RAS ACCESS TIME vs. AMBIENT TEMPERATURE 


0.9 


RAS Access Time trac (Normalized) 


0.8 


07 


few] 


20 40 60 80 


Ambient Temperature Ta (°C) 


CAS ACCESS TIME vs. AMBIENT TEMPERATURE 


13 
g 12 
eI 
E 
Z 1.1 
= 1.0 
vo 
E 
Ee 
2 0.9 
5 
<< 
g 
5 08 
07 
0 20 40 60 80 


Ambient Temperature Ta (°C) 


ADDRESS ACCESS TIME vs. AMBIENT TEMPERATURE 


0.9 


0.8 


Address Access Time taa (Normalized) 


0.7 
20 40 60 80 


Ambient Temperature Ta (CC) 


So 


© HITACHI 
Hitachi America, Ltd ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 761 





HM511001S Series 


1048576-word x 1-bit CMOS Dynamic RAM 


The Hitachi HM511001S series is a CMOS dynamic RAM 
organized 1048576-word x 1-bit. HM511001S has realized higher 
density, higher performance and various functions by employing 
1.3 um CMOS process technology and some new CMOS circuit 
design technologies. 

The HM511001S offers Nibble Mode as a high speed access 
mode. 

Multiplexed address input permits the HM511001S to be 
packaged in standard, 18-pin plastic DIP, 20-pin plastic ZIP and 
20-pin plastic SOJ. 


Features 

High speed; Access time 80/100/120 ns (max) 

Low power; 11 mW standby, 385/330/275 mW active 

Single 5V supply (410%) 

Nibble mode capability 

512 refresh cycle; (8 ms) 

2 variations of refresh; RAS-only refresh 
CAS-before-RAS refresh 


Pin Arrangement 


e HM511001SJP Series 


Hitachi Pin No. 
JEDEC Pin No. 


@ HM511001SP Series 





Din 
WE 
RAS 
TF*? 
NC 
AO 
Al 
A2 
A3 
(Top View) 7 
(Top View) 
e HM511001SZP Series ee 
CAS 2 
3 Dout 
Vss 4 
press 5 Din 
WE 6 
7 RAS 
NC 8 
9 TF*! 
NC 10 
11 AO 
Al 12 
13 A2 
A3 14 
15 Voc 
A4 16 
17 A5 
A6 18 
19 A7 
A8 20 
(Bottom View) 
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HM511001SP Series 


(DP-1 8C) 


HMS51101SJP Series 


(CP-20D) 


HMS511001SZP Series 


(ZP-20) 





Pin Description 


Symbol 

AO — A9 

AO — A8 
A9 
Din 
Dout 
RAS 
CAS 
WE 
TF*! 
VCC 
Vss 

Note) 


Function 
Address input 
Refresh address input 
Nibble address input 
Data input 
Data output 
Row address strobe 
Row address strobe 
Read/Write input 
Test function 
Power (+5V) 
Ground 


*1. TF pin can be connected with 
any line or unconnected pro- 
vided the voitage level of TF pin 
must be kept lower than Vcc + 


0.5V. 
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Ordering Information 


Type No. Access Time 
HM511001P-8S 80ns 
HM5110001P-10S 100ns 
HMS5110001P-12S 120ns 


HMS511001JP-8S 80ns 
HM511001JP-10S 100ns 
HMS511001JP-12S 120ns 


HMS511001ZP-8S 80ns 
HMS511001ZP-10S 100ns 
HM511001ZP-12S 120ns 


Block Diagram 


Absolute Maximum Ratings 


Parameter 
Voltage on any pin relative to Vgg 
Supply voltage relative to Vsg 
Short circuit output current 
Power dissipation 
Operating temperature 
Storage temperature 





Package 


300 mil 18-pin Plastic DIP 
300 mil 20-pin Plastic SOJ 


400 mil 20-pin Plastic ZIP 


CAS WE 
RAS CAS WE 
Control Control Control 
Circuit Circuit Circutt 


Symbol Rating Unit 
Vr ~1.0 to +7.0 Vv 
Vcc -1.0 to +7.0 v 
Tout 50 mA 
PT 1.0 W 
Topr 0 to +70 °C 
T stg -55 to +125 °C 
© HITACHI 
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HM511001S Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 





since Doramoten Symbol - _ Nn 
Supply voltage Vcc 4.5 5.0 5.5 Vv 
“Input highvoltage Vy 24 #2—- 65 #V | 


Note) All voltages referenced to Vg. 


DC Characteristics (Vcc = 5V +10%, Vsg = OV, Ta = 0 to +70°C) 


Parameter Symbol —vi511001-85_HM511001-10S HMS511001-128 ack ai . 
ai z Min. Max Min. Max Min. Max -™* $Econcmen ote 


Operating RAS, CAS cycling, 
current Icc1 7 70 = 60 _ 50 mA tac = Min *1,*2 
5 is i 2 RAS, CAS=Viy TTL 
Standby I ee ah Dout=High-Z interface 
current CC2 a i : 1 a 1 RAS,CAS2 Vcc-0.2V CMOS 
Dout=High-Z interface 
Refresh RAS-only refresh, 
current Icc3 7 60 = 50 - 45 mA tec= Min *2 
Standby RAS = Vqy, CAS = Vy, 
current Ices = . 5 - 5 Zz 5 mA  Dout = enable = 
Refresh CAS-before-RAS refresh, 
current Iccé _ 60 _ 50 _ 40 mA tro = Min. 
Nibble RAS = Vi, CAS cycling, 
mode current ‘CCS - 50 ~ 50 = 40 mA tnc= Min *1,*3 
Input leakage Ip] —10 10 —10 10 —10 10 vA Vin=0to+7V 
Output VouT = 0 to +7V, 
leakage ILo 10 10 —10 10 —10 10 uA pout = disable 
Vv : V ‘ Vv : Vv = 
Ontpulaevels OH 2.4 cc 2.4 cc 2.4 cc Vs ilout = -S5mA 
VOL 0 0.4 0 0.4 0 0.4 Vs ilout = 4.2mA 
Notes)*1. Icc depends on output loading condition when the device is selected. Icc max. is specified at the output open 
condition. 
*2. Address can be changed less than three times while RAS = Vq1. 
*3. Address can be changed once or less while CAS= Vyqy. 
Capacitance (Vcc = 5V + 10%, Ta = 25°C) 
Parameter Symbol Typ Max Unit Note 
are ‘ Address, Data input Cy = 5 pF #1 
nput capacitance Clocks Cp ‘< 7 oF *] 
Output capacitance Data output Co = 7 pF #1 *2 


Notes) *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CAS = Vy, to disable Dout. 


AC Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, Vss = OV)™1>*!° 


Test Conditions 

@ Input rise and fall times: 5ns 

@ Input timing reference levels: 0.8V, 2.4V 

®@ Output load: 2TTL Gate +C,; (100pF) (Including scope and jig) 
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HM511001S Series 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 
HMS511001-8S HM511001-10S HM511001-12S 














Parameter Symbol Min Max Min Mas Min Max Unit Notes 
Random read or write cycle time tRC 160 — 190 ~ 220 — ns 
RAS precharge time tRP 70 - 80 — 90 - ns 
RAS pulse width tRAS 80 10000 100 10000 120 #10000 ns 
CAS pulse width tCAS 40 10000 50 10000 60 10000 ns 
Row address setup time tASR 0 ~ 0 ~ 0 ~ ns 
Row address hold time tRAH 12 - 15 - 15 — ns 
Column address setup time taSC 0 - 0 - 0 ~ ns 
Column address hold time tCAH 20 _ 20 — 25 — ns 
RAS to CAS delay time tRCD 22 40 25 50 25 60 ns 7 
RAS hold time tRSH 40 = 50 2 60 = ns 
CAS hold time tCSH 80 = 100 = 120 -~ ns 
CAS to RAS precharge time ‘CRP 10 _ 10 = 10 Es ns 
Transition time (rise and fall) tT 3 50 3 50 3 50 ns 
Refresh period tREF — 8 _ 8 — 8 ms 
Read Cycle 
HMS511001-8S HM511001-10S HM511001-12S : 
Parameter Sibel Ut. Notes 
Min Max Min Max Min Max 
Access time from RAS tRAC — 80 — 100 — 120 ns 2,3 
Access time from CAS tCAC - 40 = 50 _ 60 ns 3,4 
Read command setup time tRCS 0 - 0 ~ 0 — ns 
Read command hold time referenced toCAS trcH 0 _ 0 — 0 — ns 
Read command hold time referenced toRAS trRH 10 — 10 = 10 = ns 
Output buffer turn-off delay tOFF — 20 — 25 — 30 ns 5 
Write Cycle 
Bapter Symbol HMS11001-8S HM511001-10S HM5S11001-12S Unik Notes 
Min Max Min Max Min Max 
Write command setup time twcs 0 - 0 — 0 — ns 8 
Write command hold time twCH 20 — 20 - 25 — ns 
Write command pulse width twp 15 _ 15 — 20 _ ns 
Write command to RAS lead time tRWL 25 = 25 = 30 = ns 
Write command to CAS lead time tCWL 25 - 25 ~ 30 - ns 
Data-in setup time tps 0 - 0 — 0 — ns 9 
Data-in hold time tDH 20 - 20 _ 25 — ns 9 
Read-Modify-Write Cycle 
oe Symbol HMS11001-8S HM511001-10S MH511001-12S Unit Notes 
Min Max Min Max Min Max 
Read-write cycle time tRwc 190 — 210 — 245 ~ ns 
RAS to WE delay time tRWD 80 . 90 = 110 = ns 8 
CAS to WE delay time tcwo 40 ~ 40 ~ 50 - ns 8 
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HM511001S Series 


Refresh Cycle 


HMS511001-8S HM5S11001-10S HM511001-12S 











Parameter Symbol - - ; Unit Notes 
Min Max Min Max Min Max 

CAS setup time (CAS-before-RAS refresh) tCSR 10 — 10 ~ 10 _ ns 

CAS hold time (CAS-before-RAS refresh) tCHR 20 — 20 — 25 — ns 

RAS precharge to CAS hold time tRPC 10 _ 10 - 10 — ns 

Nibble Mode Cycle 

7 ‘ ee HM511001-8S HM511001-10S HM511001-12S ke Nate 
e (iG 
aes z Min Max Min Max Min Max 

Nibble mode access time tNAC _ 25 _ 29 — 30 ns 

Nibble mode cycle time tNC 45 — 45 - 50 — ns 

Nibble mode CAS precharge time NCP 10 _ 10 — 10 ~ ns 

Nibble mode CAS pulse width tNCA 25 25 - 30 — ns 

Nibble mode RAS hold time tNRSH 25 _ 25 ~ 30 — ns 

Nibble Mode Read-Modify-Write 

P ; Shai HM511001-8S HM511001-10S HM511001-12S Wide “NGS 
6) eS 
se pou ‘ in Max Min Max Min Max 

Nibble mode read-modify-write cycle time tNRWC 65 — 65 _ 1S - ns 

Nibble mode write command CAS lead time tycwyL 20 — 20 _ 25 — ns 

Nibble mode CAS to WE delay time tNCWD 20 — 20 7 25 ~ ns 

Notes) 

*1. AC measurements assume t7 = Sns. trical characteristics only: if twos 2 twcs (min), the 

*2, Assumes that trcp Strcp (max). If trcp is greater cycle is an early write cycle and the data out pin will 
than the maximum recommended value shown in this remain open circuit (high impedance) throughout the 
table, tr, 4c exceeds the value shown. entire cycle; if trwp 2 tRwp (min) and tcwp 2 

*3, Measured with a load circuit equivalent to 2TTL loads tCwD (min), the cycle is a read-write and the data 
and 100pF output will contain data read from the selected cell; if 

4 A P h > neither of the above sets of conditions is satisfied, the 

. Assumes that RCD = tRCD (max). condition of the data out (at access time) is indeter- 

*5. toRF (max) is defined as the time at which the output minate. 
achieves the open circuit condition and is not re- *9, These parameters are referenced to CAS leading edge 
ferenced to output voltage levels, in early write cycles and to WE leading edge in delayed 

*6, Transition times are measured between Vyzy and V7. write or read-modify-write cycles. 

*7. Operation with the fRCp (max) limit insures that +*10, An initial pause of 100us is required after power-up 
tRAC (max) can be met, tRCp (max) is specified as a followed by eight initialization cycles (any combina- 
reference point only, if trcp is greater than the speci- tion of cycles containing RAS clock such as RAS-only 
fied trcp (max) limit, then access time is controlled refresh). If internal refresh counter is used, eight or 
exclusively by tc 4c more CAS-before-RAS refresh cycles are required. 

*8. twos and tcwp are not restrictive operating para- 
meters. They are included in the data sheet as elec- 
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HM511001S Series 


Timing Waveforms 
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HM511001S Series 


Delayed Write Cycle 


tre 
—— pennies aids 


Hac 


KON com KYL LMMLLLLLLLLLL, 


LALLY I vanes AIUD LEILA 
aan hammeron 


if 
ie 


Address 


‘QD: 
SJ 


LAS 


Read-Modify-Write Cycle 





“2 TAH a 


a TE ance = ATT TT 
ene TTD ofak LITIILILLL 
Dn _— tA 


: Don’t care 


HITACHI 
768 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





HM511001S Series 


RAS-Only Refresh Cycle 





Notes) *1./7/} Don’t care 
* 2. Refresh Address 
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HM511001S Series 


Nibble Mode Write Cycle 
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Nibble Mode Read-Modify-Write Cycle 
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HM511001S Series 





SUPPLY CURRENT (ACTIVE) vs. SUPPLY VOLTAGE SUPPLY CURRENT (ACTIVE) vs. AMBIENT TEMPERATURE 
13 
= 12 
g z 
z z 
g & 1.0 
5 5 
3 5 09 
= Db 
& 3 
a 3 08 
07 
0 20 40 60 80 
Supply Voltage Ke (V) Ambient Temperature Ta CC) 
SUPPLY CURRENT (ACTIVE) vs. FREQUENCY SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE 


Supply Current Jcc1 (Normalized) 





Supply Current IJccz, CMOS Interface (Normalized ) 


Frequency f (MHz) Supply Voltage Vcc (V) 


SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE SUPPLY CURRENT (STANDBY) vs. AMBIENT TEMPERATURE 
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HM511001S Series 


RAS Access Time trac (Normalized) 


CAS Access Time fcac (Normalized) 


772 


RAS ACCESS TIME vs. SUPPLY VOLTAGE 


475 


Supply Voltage Vec (V) 





CAS ACCESS TIME vs. SUPPLY VOLTAGE 





Supply Voltage Vec (V) 
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RAS Access Time trac (Normalized) 


CAS 


CAS Access Time fcac (Normalized) 
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ACCESS TIME vs. AMBIENT TEMPERATURE 
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HM5S11001A Series 


1048576-word x 1-bit CMOS Dynamic RAM 


The Hitachi HM511001A series is a CMOS dynamic RAM 
organized 1048576-word x 1-bit. HM511001A has realized 
higher density, higher performance and various functions by 
employing 1.3m CMOS process technology and some new 
CMOS circuit design technologies. 

The HM511001A offers Nibble Mode as a high speed access 
mode. 

Multiplexed address input permits the HM511001A to be 
packaged in standard, 18-pin plastic DIP, 20-pin plastic ZIP and 
20-pin plastic SOU. 


Features 

High speed; Acces§ time 80/100/120 ns (max) 

Low power; 11 mW standby, 385/330/275 mW active 

Single 5V supply (+10%) 

Nibble mode capability 

512 refresh cycle; (8 ms) 

2 variations of refresh; RAS-only refresh 
CAS-before-RAS refresh 


Pin Arrangement 
@ HM511001AP Series e HM511001AJP Series 


Hitachi Pin No. 
JEDEC Pin No. 





Din 
WE 
RAS 
TF" 
NC 
AO 
Al 
A2 
A3 
(Top View) 
Vee 
(Top View) 
@e HM511001AZP Series 
eae 1 AQ 
CAS 2 
3 Dout 
Vss 4 
5 Din 
WE 6 
7 RAS 
NC 8 
9 TF*! 
NC 10 
11 AO 
Al 12 
13 A2 
A3 14 
15 Vec 
A4 16 
17 AS 
A6 18 
19 A7 
A8 20 
Bottom View) @® HITACHI 





HM511001 AP Series 


(DP-18C) 


HM511001AJP Series 


(CP-20D) 


HM511001AZP Series 





(ZP-20) 


Pin Description 


Pin Name Function 
AO — A9 Address input 
AO — A8 Refresh address input 


A9 
Din 
Dout 
RAS 
CAS 


WE 


TF*! 
VCC 
Vss 

Note: 1. 


Nibble address input 
Data input 





Data output 

Row address strobe 

Row address input 
Read/Write input 

Test function 

Power (+5 V) 

Ground 

TF pin can be connected 
with any line or unconnected 
provided the voltage level of 


TF pin must be kept lower 
than Vcc + O.5V. 
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HM511001A Series —————______ 


Ordering Information 


Type No. Access Time Package 
HM511001AP-8 80ns 
HM511001AP-10 100ns 300 mil 18-pin Plastic DIP 
HM511001AP-12 120ns 
HMS511001 AJP-8 80ns 
HMS11001AJP-10 100ns 300 mil 20-pin Plastic SOJ 
HM511001AJP-12 120ns 
HM511001AZP-8 80ns 
HM511001AZP-10 100ns 400 mil 20-pin Plastic ZIP 
HM511001AZP-12 120ns 
Block Diagram 
RAS WE 


RAS Control WE Control 
Circuit Circurt 











































Row Address Buffer 


Absolute Maximum Ratings 


Parameter Symbol Rating Unit 
Voltage on any pin relative to Vgg VT -1.0 to +7.0 Vv 
Supply voltage relative to Vsg Vcc —1.0 to +7.0 Vv 
Short circuit output current Tout 50 mA 
Power dissipation Pe 1.0 WwW 
Operating temperature Topr 0 to +70 °C 
Storage temperature Tstg -55 to +125 a 
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HM 511001A Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol Min Typ Max Unit 
Supply Vcc 4.5 5.0 5.5 V 
Input low voltage VIL -2.0 _ 0.8 Vv 


Note) All voltages referenced to Vgg. 


DC Characteristics (Vcc = 5V + 10%, Vss = OV, Ta = 0 to +70°C) 


HM5S11001A-8 HM511001A-10 HM511001A-12 ; - 
Parameter Symbol. —— SS _ Unit Test condition Note 
Min Max Min Max Min Max 








Operating RAS, CAS cycling, 
current ICI 7 a ' aC 7 ae sd tRC = Min piss 
RAS, CAS = Vz TTL 
ey Icc2 ~ 2 7 2 = a mA _Dout = High-Z interface 
curren ee ms er ee ies bee ere es ee yg, be gin dette Nhe a Pe Se 
: - ; - ; - ‘ RAS,CAS2V¢c-0.2V CMOS 
Dout = High-Z interface 
Refresh RAS-only refresh, 
current ICC3 Z 70 7 60 s 30 me tRC = Min ne 
Standby RAS = V7, CAS = V7z, 
current ICC5 7 ; - 2 > 5 mA Dout = aabile "1 
Refresh CAS-before-RAS refresh, 
current 'CC6 = 60 ~ 30 ~ 40 ne tRC = Min. 
Nibble RAS = V7z, CAS cycling, 
mode current /CC8 a0 7 a 7 a0 ne tNC = Man a8 
Input leakage Jy] -10 10 —10 10 -10 10 HA Vin =0 to +7V 
Output a VOUT = 0 to +7V, 
leakage 190,010 10 10 10-10, 10 | HA pout’= disabled 
Gaisaciovelk VOH 2.4 Vcc 2.4 Vcc 2.4 Vcc VV Jout=-5mA 
. VOL 0 O4 420 O4 O04 WV Tout=4.2mA 
Notes) *1. I¢c depends on output loading condition when the device is selected. [cc max. 1s specified at the output open 
ee cc 
condition. 


*2. Address can be changed less than three times while RAS = V7. 
*3. Address can be changed once or less while CAS = V7. 


Capacitance (Vcc = 5V + 10%, Ta = 25°C) 


Parameter Symbol Typ Max Unit Note 
Address, Data input Cr — 5 pF a 
Input capacitance 
Clocks C72 ~ 7 pF *] 
Output capacitance Data output Co ~ 7 pF se WP 


Notes) *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CAS = V7# to disable Dout. 
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HM511001A Series 


AC Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vss = 0V)*!**!9 

Test Conditions 

@ Input rise and fall times: 5ns ® Output load: 2 TTL Gate+C, (100 pF) 
@ Input timing reference lvels: 0.8V, 2.4V (Including scope and jig) 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 
HMS511001A-8 HM511001A-10 HM511001A-12 




















Parameter Symbol - : Unit Note 
Min Max Min Max Min Max 
Random read or write cycle time tRC 160 _ 190 _ 220 — ns 
RAS precharge time tRP 70 - 80 ~ 90 = ns 
RAS pulse width tRAS 80 10000 100 10000 120 10000 _ ns 
CAS pulse width tCAS 25 10000 25 10000 30 §=10000_ ns 
Row address setup time LtASR 0 — 0 ~ 0 — ns 
Row address hold time tRAH 12 _ 15 _ 15 — ns 
Column address setup time tasc 0 _ 0 _ 0 _ ns 
Column address hold time tCAH 20 _ 20 _ 25 — ns 
RAS to CAS delay time tRCD 22 55 25 75 25 90 ns sail 
RAS to column address delay time tRAD 17 40 20 55 20 65 ns *11 
RAS hold time a tRSH 25 = 25 = 30 = ns 
CAS hold time tCSH 80 ~ 100 - 120 _ ns 
CAS to RAS precharge time tCRP 10 = 10 = 10 = ns 
Transition time (rise and fall) tT 3 50 3 50 3 50 ns *6 
Refresh period tREF _ 8 _ 8 — 8 ms 
Read Cycle 
HMS11001A-8 HM511001A-10 HMS11001A-12 
Parameter SYM00) a ee  . Note 
Min Max Min Max Min Max 
Access time from RAS tRAC - 80 — 100 _ 120 ns *2,*3 
Access time from CAS tCAC - 25 — 25 ~ 30 ns *3,*4 
Access time from address tAA _ 40 — 45 _ 55 ns #3, *4 
Read command setup time tRCS 0 — 0 _ 0 — ns 
Read command hold time referenced toCAS troy 0 ~ 0 _ 0 ~ ns 
Read command hold time referenced to RAS tpry 10 _ 10 - 10 _ ns 
Column address to RAS lead time tRAL 40 ~ 45 _ 55 ~ ns 
Output buffer turn-off delay (OFF = 20 — 25 — 30 ns #5 
Write Cycle 
HM511001A-8 HM511001A-10 HM511001A-12 
Parameter Symbol ———--________——--—--————- Unit Note 
Min Max Min Max Min Max 
Write command setup time tWCS 0 7 0 _ 0 ~ ns *8 
Write command hold time twCH 20 — 20 — 25 — ns 
Write command pulse width twP 15 — 15 _ 20 _ ns 
Write command to RAS lead time tRWL 25 _ 25 _ 30 _ ns 
Write command to CAS lead time tCWL 25 = 25 - 30 ~ ns 
Data-in setup time tps 0 — 0 _ 0 _ ns *9 


Data-in hold time tDH 20 — 20 - 25 ~ ns 79 
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Read-Modify-Write Cycle 
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HM511001A Series 





HMS511001A-8 HM511001A-10 HMS11001A-12 








Parameter Symbol 2 : Unit Note 
in Max Min Max Min Max 
Read-write cycle time tRWC 190 _ 210 _ 245 — ns 
RAS to WE delay time tRWD 80 — 90 = 110 os ns *8 
CAS to WE delay time tCWD 25 — 25 _ 30 — ns #8 
Column address to WE delay time tawD 40 — 45 = 55 — ns *8 
Refresh Cycle 
HM511001A-8 HM511001A-10 HM511001A-12 ; 
Parameter Symbol ——-__---_______-_—_——-_ Unit Note 
ere Min Max Min Max Min Max 
CAS setup time (CAS-before-RAS refresh) tCSR 10 _ 10 — 10 -- ns 
CAS hold time (CAS-before-RAS refresh) tCHR 20 — 20 — 25 - ns 
RAS precharge to CAS hold time tRPC 10 - 10 ~ 10 ~ ns 
Nibble Mode Cycle 
HMS511001A-8 HM511001A-10 HMS5S11001A-12 
Parameter Symbol ; : ; Unit Note 
in Max Min Max Min Max 
Nibble mode access time tNAC — 25 - 25 _ 30 ns 
Nibble mode cycle time tNC 45 — 45 — 50 — ns 
Nibble mode CAS precharge time tNCP 10 — 10 —- 10 - ns 
Nibble mode CAS pulse width tNCA 25 — 25 - 30 — ns 
Nibble mode RAS hold time tNRSH = 25 — 25 — 30 — ns 
Nibble Mode Read-Modify-Write Cycle 
HM511001A-8 HM511001A-10 HM511001A-12 
Parameter Symbol ——_——_—_______________———- Unit Note 
in Max Min Max Min Max 
Nibble mode read-modify-write cycle time ‘NRWC 65 — 65 — 75 — ns 
Nibble mode write command CAS lead time tvCWL 20 — 20 = 25 2 ns 
Nibble mode CAS to WE delay time tNCWD 20 ~ 20 - 25 - ns 
Notes) 
*1. AC measurements assume t7 = Sns. cycle is an early write cycle and the data out pin will 
*2. Assumes that trop ©& trcp (max) and trap S remain open circuit (high impedance) throughout the 
tRAD (max). If trcp or tRAp is greater than the entire cycle; if tp wp 2 tRwp (min), tcwp 2 tcwp 
maximum recommended value shown in this table, (min) and tawp 2 tawp (min), the cycle is a read- 
tRAC exceeds the value shown. write and the data output will contain data read from 
*3. Measured with a load circuit equivalent to 2TTL loads the selected cell; if neither of the above sets of con- 
and 100pF. ditions is satisfied, the condition of the data out (at 
*4. Assumes that trcp 2 tRcp (max) and trap S access time) is indeterminate. 
tRAD (max). *9. These parameters are referenced to CAS leading edge 
*5. toFF (max) is defined as the time at which the output in early write cycles and to WE leading edge in delayed 
achieves the open circuit condition and is not re- write or read-modify-write cycles. 
ferenced to output voltage levels. *10. An initial pause of 100us is required after power-up 
*6, Transition times are measured between Vjzy and V7,. followed by eight initialization cycles (any com- 
*7. Operation with the fRCp (max) limit insures that bination of cycles containing RAS clock such as 
tRAC (max) can be met, trcp (max) is specified as a RAS-only refresh). If internal refresh counter is used, 
reference point only, if tRcp is greater than the eight or more CAS-before-RAS refresh cycles are 
specified trcep (max) limit, then access time is required. 
controlled exclusively by tc 4c. *11. If trap is greater than the specified tr4p (max) 
*8. twcs and tcyp are not restrictive operating para- limit, then access time is controlled exclusively by 
meters. They are included in the data sheet as elec- tAA- 
trical characteristics only: if twos 2 twcs (min), the 
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HM511001A Series 


Timing Waveforms 
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Delayed Write Cycle 
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HM511001A Series ————___ 


RAS-Only Refresh Cycle 


tre 


trec 


~ “zy, RLILLLLLL. 
mee ROT MILT LL TL: 


High-Z 


Notes 1 GA . Don't care 


2 Refresh address AO-A8(AX0-AX8) 


CAS-Before-RAS Refresh Cycle 
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Nibble Mode Read Cycle 
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HM 511001A Series 


Nibble Mode Write Cycle 
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HM511001A Series 





SUPPLY CURRENT (ACTIVE) vs. SUPPLY VOLTAGE SUPPLY CURRENT (ACTIVE) vs. AMBIENT TEMPERATURE 

1.3 
= 1. 
: 
: : 
E44 sg 
e 5 
= a 
S10 8 
5 3 
te 5 
5 09 : 
> O 
a 
A 8 2 

0.7 

4.50 4.75 5.00 5.25 5.50 
Supply Voltage Vec (V) Ambient Temperature Ta (°C) 

SUPPLY CURRENT (ACTIVE) vs. FREQUENCY SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE 


Supply Current Jcc1 (Normalized) 





Supply Current Icc2, CMOS Interface (Normalized) 





Frequency f (MHz) Supply Voltage Vcc (V) 


SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE SUPPLY CURRENT (STANDBY) vs. AMBIENT TEMPERATURE 
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HM511001A Series 





RAS ACCESS TIME vs. SUPPLY VOLTAGE RAS ACCESS TIME vs. AMBIENT TEMPERATURE 
13 1.3 
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HM571000JP-35R/40/45 


1,048,576-Word x 1-Bit (Bi CMOS) Memory 


lM DESCRIPTION 


The Hitachi HM571000 is a super high speed dynamic RAM orga- 
nized 1,048,576-word x 1-bit. HM571000 has realized higher den- 
sity, higher performance and various functions by employing 1.3 nm 
Bi-CMOS technology and some new Bi-CMOS circuit design tech- 
nologies. The HM571000 offers 8 bits static column mode as a high 
speed access mode. 


M@ FEATURES 


© Single 5V (+ 10%) for HM571000JP-40/45 
BV (5%) for HM571000JP-35R 


e High Speed 
ACCOSS TING? sig ene ah eae aes 35/40/45ns (max.) 
© 512 Refresh Cycles 26. c aw thet ive Cee on oa Saya (4 ms) 
e 2 Variations of Refresh 
CE Refresh 


Automatic Refresh 
® 2 Bits Static Column Mode 


M@ ORDERING INFORMATION 


Access 


35ns 
40ns 
45ns 









Package 


300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 








HM571000JP-35R 
HM571000JP-40 
HM571000JP-45 
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(CP-28DN) 


m@ PIN ARRANGEMENT 
HM571000JP-35R/40/45 


OAWAN OOF WD NY 





(Top View) 


@ PIN DESCRIPTION 


Pin Name Function 
rons | Addis pa fo 
Ag-A16 Address Input 
ear ee Address Input for 
Static Column Mode 
CE Chip Enable 
OE Output Enable 
WE Read/Write Enable 
Din Data-In 
Dout Data-Out 
RF Refresh Control 
Vcc Power (+5V) 
Vss Ground 





HM571000JP-35R/40/45 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Un 
Voltage on Any Pin Relative to Vsg V 
Supply Voltage Relative to Vcx Vcc V 
Short Circuit Output Current Ios mA 
Power Dissipation W 
Operating Temperature °C 
Storage Temperature eS 


e Recommended DC Operating Conditions (T, = 0 to +70°C) 


Soa ciee HM5710005P-35R 
Input High Voltage 
Input Low Voltage VIL 

NOTE: 1. All voltage referenced to Vss. 


2. The device will withstand undershoots to the -2V level with a maximum pulse width of 20ns at the -1.5V level. 
(See Figure 1.) 


3. The Vyp level of OE shall be lower than Vcc + 0.5V. 





VIH 






—»}-~<— 20ns (max) 


Figure 1. Undershoot of Input Voltage 


™@ DC CHARACTERISTICS (T, = 0 to +70°C, Vsg = OV, Voc = 5V + 10% for HM571000IP-40/45, 
Voc = 5V + 5% for HM571000JP-35R) 


HM571000-35R | HM571000-40 HM571000-45 
Parameter Symbol Test Conditions Note 
Max. Min. Max. Min. Max. 


= 
= 
= 


Normal Operating Current Icca See Figure 2 





— 


Refresh Current Iccr 


— 





See Figure 2 


Input Leakage Current Iu OV < Vin < 7V | -10 | 0 | 


Output Leakage Current ILo a pec ets -10 -10 
out — 


Output Low Voltage VoL Low Tour = 8mA Ee 


NOTES: 1. Icc depends on output loading condition when the device is selected, Icc max. is specified at the output open 
condition. 


lA BE 
+ EIBI3/5 
<]<| 5 |5/B/EIE 
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HM571000JP-35R/40/45 


IccA, IccR (mA) 
ee ee 


ae eee ee a 
eS EE AE GN A TC TR 
; 


ey 22F EE 


ee 4 i Ee ee ee 





oe F298 | 


1 


00 
Tcycle (ns) 
Figure 2. loca; lccr vs. Te. cle 





™@ CAPACITANCE (T, = 25°C, Voc = 5V + 10% for HM571000P-40/45, Voc = 5V + 5% 
for HM571000JP-35R) 


[Adaress, Datwin | Cn) | — | 5 
Input Capacitance [Clock CE, OE) | Gm | — | 3 | oF | 1 
[Clock WE, RF) [Cys | — | 7 
Output Capacitance (Data-Out) | Co | — | © | pF | 12 
NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = Vip to disable Dout- 





M@ AC CHARACTERISTICS (T, = 0°C to +70°C, Vsg = OV, Vec = 5V + 10% for HM571000JP-40/45, 
Voc = 5V + 5% for HM571000JP-35R) () 


e Test Conditions 


¢ Input Pulse Levels: Viy = 3.0V, Vy, = OV e Transition Time: tr = 3ns 
¢ Input Timing Reference Levels: High = 2.4V, Low = 0.8V (See Figure 3). e Output Load: See Figure 4. 
¢ Output Timing Reference Levels: High = 2.4V, Low = 0.4V 


SOpf" 


* Inclkuding scope & jig 





Figure 3. Input Pulse Figure 4. Output Load 


*Including scope and jig. 
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HM571000JP-35R/40/45 


e Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


Min. | Max. | Min. | Max. in. ax. 
Read/Write Cycle Time es Ie |e ee eee | ee a 
CE Pulse Width toe 5000 5000 | ns | 
GE Precharge Time ie | > - || - || — | 
Address Setup Time re A dr 
Address Hold Time a el 
Transition Time (Rise and Fall) 
Refresh Period ea ae Me 
e Read Cycle 

in. ax. in. ax. in. ax. 
Access Tine From GE Tacs | - | ]-|o]-| sa, 
Access Time From OF toac — 20 — 25 — 25 ns 
OE Soup Tine hemes ee ee oe 
Output Hold Time From Address | ton | 3 | — | 3 | — | 3 | = | os | 
e Write Cycle 

HMS571000-40 | HM571000-45 ; 
= sol ae 

WE Pulse Wid Tw [2s] - | ]—- [ss |—|m 
Wits Hold Time FomE | wa | 38 | — | 0 | — | | — | m_ 


e Read-Modify-Write Cycle 












: —_  HMSTIOO0 SER 
sina = 
WE Delay Time From CE Sw Le, 
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HM571000JP-35R/40/45 


e Refresh Cycle 


HM571000-35R | HM574100-40 HM574100-45 
Parameter Symbol - - 


RF Setup Time sree He cee ace 
RF Hold Time ee a ee Ee 
Mode Selection Setup Time | tws_ | 9 | ~ | 0 | — | 0 | — | as 
Mode Selection Hold Time ftw | 6 | — | |} — | ns | 
Setup Time on CE Refresh | ters | 15 | — | | = [as | 


e Static Column Mode Cycle 


pect symbo! FM571000-35R | _HM571000-40_|_HM571000-45 
i Min. Min. 


Static Column Address Setup Time 


Address Setup Time to WE tws | 0 | 
Address Hold Time From WE twr | 0 | 


NOTES: 1. If tops > togs (min.) and OE is held low level, Dout will be valid until the next negative transition of 
. Both twu and twp must be satisfied for a delayed write cycle. 


Unit | Note 


a 
i) 
es 


QD 


E. 


. If tcop < tcop (min.), the condition of Dou: cannot be guaranteed to be in high impedance. 
. If the negative transition of OE occurs before that of CE, tyz is controlled by CE. 
. twp and tpw are specified by the positive transition of CE or WE which occurs earlier. 


Nn & W NY 


. When WE goes low, Dout becomes in high impedance and is held in this condition to the next cycle. If the negative 
transition of WE occurs before that of CE, Dour is controlled by CE. twz defines the time at which the output 
achieves the open circuit condition. 


. If tes > tes (min.), the cycle is early write and Dou is in high impedance. 


oOo ~~ 


. In static column mode cycles, read operation cannot be performed after write operation. 
9. Both tay and twr must be satisfied for a write cycle. 
10. tz, defines the time at which the output achieves the open circuit condition. 
11. An initial pause of 100 ps is required after power-up, then execute at least eight CE refresh cycles. 
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HM571000JP-35R/40/45 


@ TIMING WAVEFORMS 
e Read/Read Cycle 


nn a — 
ae ss Li ae LLL 
no. XXX) Riviacenatieaiinigiel <9 Bias sincere OXXKXXX 
coh a 


ee -E 
ate aa Rez Y es « XXHAX 


WE AI iene iy a 2 
LLL Cal ar t = tcop +3 
aaa 1 
Peele 
High-Z YY <>) a>. High-Z 


* Din: Don't care 


“ ALLL : Don't care 


Dout 
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HM571000JP-35R/40/45 
¢ Read/Early Write Cycle 


. toc toc 
f= 7 — 
ls TnL MY NRO ILL x 
ro. SO een —€ i'r 
2-4 Es 


“x9 ot oo — an 


BS) 
7 


LZ*4 


Dout “Ee AX) A 


. 
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HM571000JP-35R/40/45 


¢ Read/Delayed Write Cycle 


- tcc tcc 

a as 

| Smaak | mar | seer ema | mena Re 
os ot LLL a) LLL tek 
no. XXX> ee ce OXXXXX) 


XY? 
=| i 
a) 
"AIS <a aul ck ae ae KXXAAXA 


RF 


7 


Z 
o> 


trs 


y a WP's, zl 
bd, tacs | eed 
toac 


toes *1 


WE 


mM 


ZL. 

OF ne 
von HH kJ . 
WZZZA x woriteate 


|S 
5 


tLz*4 
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HM571000JP-35R/40/45 
e Read/Read Cycle (OE = V,) 


tcc 
tce 


tcp 


hey 
. Te wsRULIHE LLL... KL 
| a <a 00000 
| a a: Pg sa 


mS) 


A16 ae 
i 


Mts J 7 Hee : —— om 


Ee be 
KK 6 


Dout 





* Din: Don't care 


*e SLL L2 : Don't care 
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HM571000JP-35R/40/45 
e Read/Early Write Cycle (OE = V,) 


o tcc tcc 

AF gl = ILL LLL TILT ROIS. TS 

ao- XXX ae Y _—_—— XX) 
oe Pe 


‘M9 AAW ——— KY ee 01005 XXX 
WE Us tacs | ‘| | twee 


en | =p 
Din abit x ™ be 


Bout == W? re x 


LLL : Don't care 
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HM571000JP-35R/40/45 


e Read/Delayed Write Cycle (OE = V)) 


- tcc tcc 
RF Zl =I LLL rhe IL QML B/E alee 
ro. YO —— fe 
Avia XAXX ae KY (= XXXXAX 
i Ete ici 


= FS 
. a! 





pn LLY, Ly LILI LLL L EE 777 
Dout 4° ee 2 CX 
twz‘6 . VfA2 eee 
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HM571000JP-35R/40/45 
¢ Read-Modify-Write Cycle 


tcp 


i 
Mie MAAN | —“—~s™—s—sS—SSSCSiL CK 
can tt ta 
AM “7 
WE Wf f tcwo i ii 


trs tow's 


o> 


S 


o —\t “WTI LLL 


on XXKXRRKRRRREKRMREO XXX 


2 UY) a 


tyz*10 


Dout 


° LLL : Don't care 
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HM571000JP-35R/40/45 
e Automatic Refresh Cycle 


RF NSE Oe AY 


aR 
Ang AXNAXXA XXAXAMXARAMAA AANAXNAKAAXAANAAKAAX 
WE LA WM MYL eer) [to LLL 





WE 
High-Z 
Dout 
a LLL ne 
** OE, Din : Don't care 
ALLL? : Don't care 
© HITACHI 
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e CE Refresh 


tcc 


= [ae aaa te 
Ge ae Cy 


LL) as ¢. Ts 0000 
‘e wh —_ FOO __ 
“io RXXXXXXXXXXNXNNYXYXXXXXXXXXXXEXXRAXXXXXXXXXXXXXRXY? 


oc Y Mi MLL, 


tHz*10 


High-Z 
Dout (XK) 2 


WD. bee 


S 
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e Static Column Mode Read Cycle 


CE a ae, 
es 
erm 6.06 —— XXXXXX XK 


‘Ma XA re o—. XXX 


WE eh tan a bes EEE 


Don't care 


o ZZ : Don't care 
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HM571000JP-35R/40/45 
e Static Column Mode Read Cycle (OE = Vj) 


top 


Fong 
= I |. RZ WLLL EEE 
mY [+ — a 
mt. YY ———— > en PKKKYXN 


Rs, 
Vi 


bs erp 
NOK (OXY 


Dout ( 


* Din: Don't care 


* SLLL2 : Don’t care 
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HM571000JP-35R/40/45 
¢ Static Column Mode Write Cycle (1st Cycle = Early Write Cycle) (8) 


—-— — —-——_+ 
‘tis XKKX er XXXXXXXEX 
Loe CXXXXXK AAD 


A17- X XX» ' 
A19 
anne eee 
ae tEs‘7 Xs 


x _LLLL LLL LLL. 
Sm.) D0 4100000 
oot LD : 





7 SLLLL : Don't ca 
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¢ Static Column Mode Write Cycle (1st Cycle = Delayed Write Cycle) (8) 


CE 


Be) 
nN 


AO- 
A16 


A17- 
A19 


Dout 


802 


| 


1, cD 000000000 
my BB He 


eee = KAKA KX) 


bel 


ee ee 


tow’s 


AXXXKAXAMMAKR KX XXX 


twz‘6 


LLLLLLLLLLL ah 


* ALLL : Don't care 


HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


H M574256J P-35 R/40/45 — Preliminary 


262,144-Word x 4-Bit (Bi CMOS) 


m@ DESCRIPTION 


The Hitachi HM574256 is a super high speed dynamic RAM orga- 
nized 262,144-word x 4-bit. HM574256 has realized higher density, 
higher performance and various functions by employing 1.34m Bi- 
CMOS technology and some new Bi-CMOS circuit design technolo- 
gies. The HM574256 offers 2 bit static column mode as a high speed 
access mode. 


@ FEATURES (CP-28DN) 


e Single 5V (+ 10%) for HM574256JP-40/45 
5V (5%) for HM574256JP-35R @ PIN ARRANGEMENT 
e High Speed HM574256JP-35R/40/45 
ACCESS TIMG si bi towiiaantew haw es 35/40/45ns (max.) 

e $12 Retresh GycleSisicc 45 iene aa wba sae eee eae ee (4 ms) 
e 2 Variations of Refresh 

CE Refresh 

Automatic Refresh 
e 2 Bits Static Column Mode 





M@ ORDERING INFORMATION 


Access 


35ns 
40ns 
45ns 











Package 


300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 





HM574256JP-35R 
HM574256JP-40 
HM574256JP-45 


OAOaAnN OTA WOND = 





(Top View) 


@ PIN DESCRIPTION 


Pin Name Function 
tarhy | Mapas 
Ao-A46 Address Input 
Ae Address Input for 
Static Column Mode 
CE Chip Enable 
OE Output Enable 
WE Read/Write Enable 
1/O,-1/O4 Data-In/Data-Out 
RF Refresh Control 
Vec Power (+5V) 
Vss Ground 
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HM574256JP-35R/40/45 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 
-1.0 to +7.0 V 


-1.0 to +7.0 V 


Voltage on Any Pin Relative to Vss 


= 


Supply Voltage Relative to Vss 
Short Circuit Output Current 
Power Dissipation 


Q 
‘o) 


+ 


oO}]oO 
3 
> 


0 to +70 2c 
-55 to +125 eC 


Operating Temperature oar 
Storage Temperature 


e Recommended DC Operating Conditions (T, = 0 to +70°C) 


Parameter 
4.50 
Input High Voltage : 
Vit 


Max. Note 


apes 
ov] 


fos 
wr 


< 
wo _ 
.< oS 
Wn lea 
S.\s 
Mi bo 
Oi wr 


U 
V 1,3 
Input Low Voltage L Va | 


2 
NOTE: 1. All voltage referenced to Vss. 


2. The device will withstand undershoots to the -2V level with a maximum pulse width of 20ns at the -1.5V level. 
(See Figure 1.) 


3. The Vin level of OE shall be lower than Vcc + 0.5V. 


Figure 1. Undershoot of Input Voltage 





™ DC CHARACTERISTICS (T, = 0 to +70°C, Vsg = OV, Voc = 5V + 10% for HM574256JP-40/45, 
Voc = 5V + 5% for HM574256JP-35R) 


HM574256-35R | HM574256-40 | HM574256-45 
Parameter Symbol Test Conditions ; Note 
Max Min. Min. | Max. 


= 


Normal Operating Current Icca 


| Min._| 
= oe 
Refresh Current Iccr ae | | 
Standby Current Ce ae Poe ee eo ee ee ee 
ae os 
| 2.4 | 


a 


Input Leakage Current Iu OV <= Vin = 7V 


OV < Vou = 7V 
Dout = Disable 


NOTES: 1. Icc depends on output loading condition when the device is selected, Icc max. is specified at the output open 
condition. 


Output Leakage Current ILo 


Output High Voltage Vou 
Output Low Voltage VoL 


Ee 
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HM574256JP-35R/40/45 


M@ CAPACITANCE (T, = 25°C, Voc = 5V + 10%) for HM574256JP-40/45, Voc = 5V + 5% 
for HM574256JP-35R) 


Parameter Typ. Note 
[Adiress, Dawn | Cm | — | 5 | pF | 1 
Input Capacitance [Clock CE, OF) | Cm | — | 5 | oF | 1 
[Clock (WE. RF) | Cys | — | 7 | pF | 1 
Output Capacitance (Data-In/Data-Out) 12 
NOTES: _ 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = Vin to disable Dout. 
@ AC CHARACTERISTICS (T, = 0°C to +70°C, Vgg = OV, Veco = SV + 10% for HM574256JP-40/45, 
Vcc = SV + 5% for HM574256JP-35R) (1) 
e Test Conditions 
e Input Pulse Levels: Vay = 3.0V, Vy, = OV e Transition Time: ty = 3ns 


e Input Timing Reference Levels: High = 2.4V, Low = 0.8V (See Figure 2). © Output Load: See Figure 3. 
¢ Output Timing Reference Levels: High = 2.4V, Low = 0.4V 


50pf* 


* Inclkuding scope & jig 





Figure 2. Input Pulse Figure 3. Output Load 


*Including scope and jig. 


e Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


p , ea HM574256-35R | HMS74256-40 HM574256-45 Unit | Not 
arameter mbDo ni ote 


Read/Write Cycle Time eae ee ee ee ee 
CE Pulse Width | tce | 35 | 5000 | 40 | 5000 | 45 | 5000 | ns | 
CE Precharge Time ee ioe ee eee ee eae 
Address Setup Time oe 2 ae ee ee ee mee 
Address Hold Time ae ee ee a ee ee es 
Transition Time (Rise and Fall) |__| 1 | 10 | ot | 0 fT = ns 
Refresh Period at Ea eae eS ee ee 
© HITACHI 
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HM574256JP-35R/40/45 
e Read Cycle 


Parameter mbol Unit | Note 


= 
5 


Min. 


BSS 
ole 
ole 
A) 


Access Time From CE 


Output Hold Time From Address 
Output Hold Time From CE 
CE to OE Precharge Time 


nN 


10 


| Max. | 
ae ee 
Address Access Time Ve hae ee eee ee 
Access Time From OE eae re eee 
See eee 
Hold Time on Read | 5 {| — | 5 | — | 5 
OE Setup Time ek ee i 
OE Enable to Output in Low Z | o | — | o | — | o | 
OE Disable to Output in High Z H | — | 6 | — | 20 | — | 
i oes 
om 
| 10 


Setup Time on Read tes | 
jt 

tLz 

cop 


e Write Cycle 





Parameter Symbol SMa oe Me ae a Unit | Note 
Data Hold Time at a ee 
WE Pulse Wit we | 2 | — | | — [3 | — | 
OE Hold Tine From WE ee a ee 


e Read-Modify-Write Cycle 













Parameter Symbol Note 





WE Delay Time From CE 


f 
= 
Ss) 


e Refresh Cycle 


HM574256-35R | HM574256-40 | HM574256-45 Unit 


Parameter Symbol Min. | Max. | Min. | Max. | Min. Mae Note 
Made Selection SeupTine | ws | 0 | — | 0 | — | 0 | — | os | 
Mode Selecion Hold Time | wu | 8 | — | 20 | — | 20 | — | as _ 
Setup Time on CE Refresh ee ee eee 
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HM574256JP-35R/40/45 


e Static Column Mode Cycle 


ne HM574256-35R | HM574256-40 | HM574256-45 oe 
Static Column Address Setup Time ak See ae Se ae aes 


NOTES: 1. If tops > togs (min.) and OE is held low level, Dou: will be valid until the next negative transition of CE. 

. Both twy and twp must be satisfied for a delayed write cycle. 

. If tcop < tcop (min.), the condition of Dout cannot be guaranteed to be in high impedance. 

. If the negative transition of OE occurs before that of CE, tz is controlled by CE. 

. twp and tpw are specified by the positive transition of CE or WE which occurs earlier. 

. When WE goes low, Dou becomes in high impedance and is held in this condition to the next cycle. If the negative 
transition of WE occurs before that of CE, Doy; iS controlled by CE. twz defines the time at which the output 
achieves the open circuit condition. 

7. If tes > tes (min.), the cycle is early write and Do, 1s in high impedance. 

8. In static column mode cycles, read operation cannot be performed after write operation. 


Nn & W NH 


9. Both tay and twr must be satisfied for a write cycle. 
10. tyz, defines the time at which the output achieves the open circuit condition. 
11. An initial pause of 100 us is required after power-up, then execute at least eight CE refresh cycles. 


12. During I/O pins are in the output state, Data-in shall not be applied to I/O pins. So, in all write cycles (early write, 
delayed write and read-modify-write), OE must go to high level to disable the output buffer prior to applying data to 
the device. 





@ TIMING WAVEFORMS 
e Read/Read Cycle 


' 
@ ZCI A ULI 





tFs i 
we. WX KF 
AVG tas TO panne fens Tan 
- Oo e+ am 
eae cance 
WE LL} X 


VY f tn 
trs tcop *3 
GY 


mM 





—_ 


"ES oe 
an?) a OK 


Dout 


* Din: Don't care 


N 
\ 


atk 


: Don't care 
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HM574256JP-35R/40/45 


- tcc tcc 
ne name de 
AF Lon\ | RL MLL LLL fol i LLL 
VVV ew SS Hood \/ 
no. X XXX» hah <2 hs a OXKXXX) 
AZ XX? =, KY? —«cr X 
we 1 a 


me) 


‘AS Hs 4 

OE oy | =e IO 
se 12 tpze 

Din |g ey 
ae: 4 


Dout nlgnd aff rt X 
* ALLL : Don't care 
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HM574256JP-35R/40/45 


e Read/Delayed Write Cycle 


” tcc tcc 

=U En, ILM + RCO DAS 

wo YOO Oe a ieee fee 
uD 


Be) 
7 


A16 me ML 
= ms |e 
one a KK 


tras 


aE 
_ Se 
Din capbegh VL 7 a. rr pe 7 Mi - 


saan HA wos le OP u 
‘ VWtt4 : Don't care 
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e Read/Read Cycle (OE = V)) 


ee 
AF La 20 KILL | 2 LIL LLILLLLLLLL 


AI6 tas of pare Del) ca 
ee Seis Cree 
wer aaa! s | amen 


ieceiieiet: i 
WE ‘mal tacs = mE tacs rae 7 


XMM Sipe XXXAXX 


tRs trs 
—— V 
SEs 
Dout KX OK 


* Din: Don't care 


os NL A fy : Don't care 
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e Read-Modify-Write Cycle 


Dout 


tcp 


| cepeareestameesesmaeneat 
MO [TK 
mt HOt 


tas 


x 
XXX) | a XK 


tRs tow's 
tacs tpow's 
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HM574256JP-35R/40/45 


¢ Automatic Refresh Cycle 
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HM574256JP-35R/40/45 


¢ Static Column Mode Read Cycle 
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HM574256JP-35R/40/45 


¢ Static Column Mode Read Cycle (OE = V),) 
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HM574256JP-35R/40/45 
¢ Static Column Mode Write Cycle (1st Cycle = Early Write Cycle) (8) 
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¢ Static Column Mode Write Cycle (1st Cycle = Delayed Write Cycle) (8) 
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HMS511002S Series 
HM511002A Series 


10485 76-word x 1-bit CMOS Dynamic RAM 


The Hitachi HM511002S/A Series is a CMOS dynamic RAM 
organized 1048576-word x 1-bit. HM511002S/A has realized 
higher density, higher performance and various functions by 
employing 1.3 um CMOS process technology and some new 
CMOS circuit design technologies. The HM511002S/A offers 
Static Column Mode as a high speed access mode. 

Multiplexed address input permits the HM511002S/A to be 
packaged in standard 18-pin plastic DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP. 


Features 

High speed; Access time 80/100/120 ns (max) 

Low power; 11mW Standby, 385/330/275mW Active 
Single 5V supply (+10%) 

Static column mode capability 


512 refresh cycles; (8 ms) 
2 variations of refresh; RAS only refresh 
CS-before-RAS refresh 


Pin Arrangement 


® HM511002SP Series 
HM511002AP Series 


© HM511002SJP Series 
HM511002AJP Series 


Hitachi Pin No. 





Din 
WE 
RAS 
TF" 
NC 
AO 
Al 
A2 
(Top View) A3 
Vec 
@ HM511002SZP Series 
HM511002AZP Series ashe (Top View) 
cS 2 
3 Dout 
Vss 4 
pares 5 Din 
WE 6 
7 RAS 
NC 8 
9 TF*! 
NC 10 
11 AO 
Al 12 
13 A2 
A3 14 
15 Vec 
A4 16 
17 AS 
A6 18 
19 A7 
A8 20 
(Bottom View) 
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HM511002SP Series 
HMS511002AP Series 





(DP-18C) 







HMS11002SJP Series 
HMS511002AJP Series 





(CP-20D) 


HM511002SZP Series 
HM511002AZP Series 










(ZP-20) 





Pin Description 


Function 


Pin Name 
AO — A9_ Address input 
AO — A8_ Refresh address input 
Din Data input 
Dout Data output 
RAS Row address strobe 
CS Chip select 
“WE Write enable 
VCC Power (+5V) 


Vss Ground 
TF*1 Test function 
Note) 


*1. TF pin can be connected with 
any line or unconnected pro- 
vided the voltage level of TF pin 
must be kept lower than Vcc + 
0.5V. 
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HM511002S/A Series 


Ordering Information 


Type No. Access Time Package Type No. Access Time Package 
HM511002P-8S 80ns HM511002AP-8 80ns . 
HMS511002P-10S 100ns a ee HM511002AP-10 100ns te eae 
HM511002P-12S 120ns HM511002AP-12 120ns 
HM511002JP-8S 80ns HM511002AJP-8 80ns ; 
HM511002JP-10S 100ns id eae HM511002AJP-10 100ns Lala as 
HM511002JP-12S 120ns HM511002AJP-12 120ns 
HM511002ZP-8S 80ns HM511002AZP-8 80ns 
HM511002ZP-10S 100ns Se ie HMS511002AZP-10 100ns er tetas 
HMS511002ZP-12S 120ns HM511002AZP-12 120ns 

Biock Diagram 
HM511002S Series 


‘RAS: cs WE 
Control Control Control Buff 
Circuit Circuit Circuit wind Dout 








Memory | Memory Memory | Memory 


Sense Amp. & !/O Bus 

Sense Amp. & !|/O Bus 
Sense Amp. & |/O Bus 

Sense Amp. & |/O Bus 
Column Decoder & Driver 


Row Address Buffer Column Address Buffer 





AO~A9 
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HM511002S/A Series 


HM511002A Series 


RAS cs WE 


Circuit Circuit Circuit 











1/0 Buff oe 
e 
ess Dout 






256k 
Memory 
Cell 
Array 


256k 
Memory 
Cell 
Array 


256k 
Memory 
Cell 
Array 


Sense Amp. 

Sense Amp. (PMOS) & !1/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & |/O Bus 
Sense Amp. (NMOS) 

Sense Amp. (NMOS) 

Sense Amp. (PMOS) & |/O Bus 
Column Decoder & Driver 
Sense Amp. (PMOS) & |/O Bus 
Sense Amp. (NMOS) 











Column Address Buffer 


Row Address Buffer 


A0~A9 
Absolute Maximum Ratings 
Parameter Symbol Rating Unit 
Voltage on any pin relative to Vsg VT -1.0 to +7.0 Vv 
Supply voltage relative to Vgg Vcc —1.0 to +7.0 Vv 
Short circuit output current Tout 50 mA 
Power dissipation Pr 1.0 W 
Operating temperature Topr 0 to +70 a 
Storage temperature T stg -55 to +125 6 
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HM511002S/A Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol Min Typ Max Unit 
Supply voltage Vcc 45 5.0 5.5 Vv 
“Inputlowvoltage ‘Vy -20 -—  O8  V 


Note) All voltages referenced to Vog. 


DC Characteristics (Voc = 5V 410%, Vsg = OV, Ta =0 to +70°C) 


HM511002-8S HM511002-10S HM511002-12S 
Parameter Symbol HM511002A-8 HM511002A-10 HMS5S11002A-12 Unit Test condition Note 
Min Max Min Max Min Max 


Operating RAS, CS cycling, 





current Icc1 ~ 70 ~ 60 ~ 50 mA tRC = Min *1,"2 
RAS, CS = VjH TTL 

a 2 = 2 = 2 oem 
sine Icc2 mA _Dout = High-Z interface 

7 \ _ 1 1 RAS, CS2V¢c-0.2V CMOS 

- Dout = High-Z interface 

Refresh RAS-only refresh, 
current 'CC3 ~ 60 7 20 ~ a0 mA tRC = Min "2 
Standby RAS = Vz, CS = Viz, 
current Iccs ie > 7 ° 7 > mA  Dout = enable "1 
Refresh CS-before-RAS refresh, 
current 1CC6 ~ - 7 20 - sa me tRC = Min. 
Static 
column Icc9 — 60 _ 50 — 40 mA tgc = Min *5 
mode current 
Input S 
leakage Ir] -10 10 -10 10 -10 10 HA Vin =0 to +7V 
Output VouT = 0 to +7V, 
leakage ILO ~10 10 -10 10 10 10 HA Dout = disable 
Output VoOH 2.4 Vcc 2.4 Vcc 2.4 Vcc VV lout =-SmA 
levels VOL 0 0.4 0 0.4 0 0.4 V lout =4.2mA 
Note) *1. I¢c depends on output loading condition when the device is selected. [¢¢ max is specified at the output open 


condition. 
*2. Address can be changed less than three times while RAS = V7z. 
*3. Address can be changed once or less while CS = V7. 


Capacitance (Vcc = 5V + 10%, Ta= 25°C) 


Parameter Symbol “Typ Max —sUnit.—~—sSNNote ~~ 
Input capacitance _ Address; Dafa wp Ut UN nc DP 
Clocks Ch — 7 pF *] 
Output capacitance Data output Co = 7 pF #1 *2 


Notes) *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CS = Vyy to disable Dout. 


AC Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, Vs = OV)"19"!7 


Test Conditions 
@® Input rise and fall times: 5ns ® Output load: 2 TTL Gate + C, (100pF) 
@ Input timing reference levels: 0.8V, 2.4V (Including scope and jig) 
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HM511002S/A Series 


Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 
HMS511002-8S HMS11002-10S HM511002-12S 


Parameter 


Random read or write cycle time 
RAS precharge time 

RAS pulse width 

CS pulse width 

Row address setup time 

Row address hold time 

Column address setup time 
Column address hold time 

RAS to CS delay time 

RAS to column address delay time 
RAS hold time 

CS hold time 

CS to RAS precharge time 
Transition time (rise and fall) 
Refresh period 


Read Cycle 
Parameter 


Access time from RAS 

Access time from CS 

Access time from address 

Read command setup time 

Read command hold time to CS 
Read command hold time to RAS 
Column address to RAS lead time 
RAS to column address hold time 
Output hold time from address 
Output buffer turn-off time 
Column address hold time to RAS on read 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


Symbol HM511002A-8 HM511002A-10 HM511002A-12 
Min Max Min Max Min Max 
tRC 160 _ 190 — 220 _ 
tRP 70 — 80 ~ 90 _ 
tRAS 80 10000 100 10000 120 10000 
tsp 25 10000 30 10000 30 10000 
tASR 0 — 0 _ 0 — 
tRAH i — 15 _ 15 — 
tASWw 0 — 0 — 0 — 
tAHW 20 — pe) — 25 — 
tRCD 22 =p) 25 70 25 90 
tRAD 17 40 20 50 20 65 
tRSL 25 — 30 — 30 — 
tCSH 80 - 100 _ 120 _ 
tSRS 10 — 10 _ 10 _ 
tT 3 50 3 50 3 50 
tREF _ 8 ~ 8 ~ 8 
HM511002-8S HM511002-10S HM511002-12S 
Symbol HM511002A-8 HM511002A-10 HM511002A-12 Unit 
Min Max Min Max Min Max 
tRAC - 80 ~ 100 — 120 
LACS = 25 = 30 = 30 
tAA _ 40 ~ 50 ~ 55 
tRCS 0 _ 0 a 0 _ 
tRCH 0 — 0 — 0 _ 
tRRH 10 _ 10 — 10 _ 
tRAL 40 _ 50 — ne) — 
tAHR 15 — 15 — 15 - 
tAOH a —- 5 — 5 — 
tOFF _ 20 — 25 ~ 30 
tAR 80 — 100 — 120 -- 
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Note 


*8 
*9 


=) 


Note 
"2 *3 


*3,*4 
*3,*5,*14 


*16 


*6 





Write Cycle 


HM511002S/A Series 


HMS511002-8S HM511002-10S HM511002-12S 











Bia dee Symbol HMS511002A-8 HM511002A-10 HM511002A-12 Unit Note 
Min Max Min Max Min Max 
Write command setup time twcs 0 — 0 _ 0 — ns *10 
Write command hold time twCH 20 — 25 — 25 - ns 
Write command hold time to RAS twCR 75 _ 95 _ 115 _ ns 
Write command pulse width twP 15 — 15 ~ 20 _ ns 
Write command to RAS lead time tRWL 25 = 25 = 30 = ns 
Write command to CS lead time tCWL 25 — 25 - 30 _ ns 
Data-in setup time tps 0 - 0 — 0 - ns *T1 
Data-in hold time tDH 20 — 25 _ 25 — ns *11 
Data-in hold time to RAS tDHR 75 _- 95 _ 115 _ ns 
Column address hold time or RAS on write tAWR 75 _ 99 — 115 _ ns 
Read-Modify-Write Cycle 
HM511002-8S HMS511002-10S HM511002-12S 
Parameter Symbol _HM511002A-8 HM511002A-10 HM51100A-12_ Unit Note 
Min Max Min Max Min Max 
Read-write cycle time tRWC 190 ~ 220 — 255 — ns 
RAS to WE delay time tRWD 80 _ 100 ee 120 = ns *10 
CS to WE delay time tCWD 25 — 30 - 30 = ns *10 
Column address to WE delay time tawD 40 - 50 - 55 ~ ns *10 
Output hold time from WE twOH 0 ~ 0 - 0 — ns 
Refresh Cycle 
HMS511002-8S HMS51102-10S HMS11002-12S 
Parameter Symbol _HM511002A-8 HM511002A-10 HM511002A-12 Unit Note 
i eel ce a 2 MX 2 Min. Max 2 Mit Max. 2 
CS setup time (CS-before-RAS refresh) tCSR 10 a 10 ses 10 ze ns 
CS hold time (CS-before-RAS refresh) tCHR 20 - 20° = 25 = ns 
RAS precharge to CS hold time tZRH 10 _ 10 = 10 _ ns 
SC Mode Cycle 
HM511002-8S HM511002-10S HM511002-12S 
Parameter Symbol HM511002A-8 HM511002A-10 HM511002A-12 Unit Note 
Min Max Min Max Min Max 
SC mode cycle time tsc 45 — 55 - 60 — ns 
SC mode RAS pulse width trRasc — 100000 - 100000 -— 100000 ns 
RAS to second WE delay time tRSwD 90 — 110 _ 135 - ns 
SC mode CS precharge time ts7 10 = 10 = 15 — ns 
Write invalid time twI 10 ~ 10 - 15 _ ns 
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HM511002S/A Series 


SC Mode Read-Modify-Write and Mixed Cycle 


HM511002-8S HM511002-10S HMS5S11002-12S 


Min Max Min Max Min Max 


SC mode cycle time on read-write tSRW 90 ~ 105 — 120 ~ ns ve 


822 


Access time from previous WE taLw — 85 ~ 100 _ 115 ns *3,*13 
Previous WE to column address delay time tlWAD 295 45 25 50 30 60 ns *15 
Column address hold time to previous WE taHLw 85 ~ 100 _ 115 _ ns 

Output enable time from WE tow _ 30 - 30 — 35 ns 

Notes) 1. AC measurements assume t7 = Sns. 

2. Assumes that tpcp S trcp (max) and trap Strap (max). If tpcp or tRAp is greater than the maximum 
recommended value shown in this table, tp 4¢ exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and 100pF. 

4. Assumes that trop 2 trcp (max), tRAD = tRAp (max). 

5. Assumes that trop Strcp (max) and trap 2 tRAp (max). 

6. toFF (max) is defined as the time at which the output achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 

7. Transition times are measured between V7y and V7z. 

8. Operation with the tpcp (max) limit insures that tp4c (max) can be met, trcp (max) is specified as a re- 
ference point only, if trcp is greater than the specified trop (max) limit, then access time is controlled ex- 
clusively by t4cs. 

9. Operation with the tr4p (max) limit insures that tp4c (max) can be met, tr4p (max) is specified as a 
reference point only, if tr,p is greater than the specified tp, 4p (max) limit, then access time is controlled 
exclusively by t4 4. 

10. twcs, tRWD. tCwp and t4 wp are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if twos 2 twcs (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if trwp 2 trwp (min), tcwp 2 tcwp 
(min) and tawp 2 tawp (min), the cycle is a read-write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. a est 

11. These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

12. tgRp (min) = t4wp (min) + tr wap (max) + t7. 

13. Assumes that tr wap S tLwaAp (max). If tr wap is greater than the maximum recommended value shown in 
this table, t47, w exceeds the value shown. 

14. Assumes that t; wap 2 tL WwAD (max). 

15. Operation with the ty wAp (max) limit insures that t47 pw (max) can be met, ty w4p (max) is specified as a 
reference point only; if t7 wap is greater than the specified tz yp (max) limit, then access time is controlled 
exclusively by t4 4. 

16. t4HR is defined as the time at which the column address hold. 

17. An initial pause of 100us is required after power-up followed by eight or more initialization cycles (any 


combination of cycles containing RAS clock such as RAS-only refresh). If internal refresh counter is used, 
eight or more CS-before-RAS refresh cycles are required. 
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HM511002S/A Series 


Timing Waveforms 
@ Read Cycle 
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HM511002S/A Series 


@ Read-Modify-Write Cycle 
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@ RAS-Only Refresh Cycle 
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® CS-before-RAS Refresh Cycle 
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HM511002S/A Series 


@ Static Column Mode Read Cycle 


° == a 
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@ Static Column Mode Write Cycle-1 
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HM511002S/A Series 


@ Static Column Mode Write Cycle-2 
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®@ Static Column Mode Read-Modify-Write Cycle 
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HM511002S/A Series 


@ Static Column Mode Mixed Cycle 


Address 7A Row | 
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HM511002S/A Series 


SUPPLY CURRENT (ACTIVE) vs. SUPPLY VOLTAGE 


828 


Supply Current Jcc1 (Normalized) 





Supply Voltage Vic (V) 


Supply Current Jcc1 (Normalized) 


SUPPLY CURRENT (ACTIVE) vs. AMBIENT TEMPERATURE 


1.3 
1.2 
1.1 
1.0 
0.9 
0.8 
sa 0 20 40 60 80 


Ambient Temperature Ta (°C) 





SUPPLY CURRENT (ACTIVE) vs. FREQUENCY SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE 
10.0 a 1.3 
+) 
. ise} 
zs E12 x 
ia) or) 
E 2 4d tht 
= 
8 1.0 S 1.0 
e 0.5 s 
6 S 09 i | 
2 = 
jan G 
: : (ley Ed 
ef | | | | 
a 
0.1 A 0.7 
0.1 0.5 1.0 5.0 10.0 4.50 4.75 5.00 5.25 5.50 
Frequency f/ (MHz) Supply Voltage Vic (V) 
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——HM511002S/A Series 


SUPPLY CURRENT (STANDBY) vs. SUPPLY VOLTAGE SUPPLY CURRENT (STANDBY) vs. AMBIENT TEMPERATURE 








1.3 
“i 1.2 
zg 3 
E eo 
z s 
8 s 1.0 
S wo 
5 5 
3 5 0.9 
= > 
Q. 2. 
2 5 08 
0.7 
0 20 40 60 80 
Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
RAS ACCESS TIME vs. SUPPLY VOLTAGE RAS ACCESS TIME vs. AMBIENT TEMPERATURE 
1.3 1.3 
Bi te ee 
3 : 
E E 
os 1.1 Zz 1.1 
S20 ~ 19 
: : 
fe & 
2 0.9 # 09 
9 3 
< <x 
< < 
<s 0.8 = 08 
0.7 550 475 5.00 5.25 5.50 075 20 40 60 80 
Suppply Voltage Vic (V) Ambient Temperature Ta (°C) 
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HM511002S/A Series 


CS ACCESS TIME vs. SUPPLY VOLTAGE 


CS Access Time tcac (Normalized) 


Suppply Voltage Vic (V) 


ADDRESS ACESS TIME vs. SUPPLY VOLTAGE 


Address Access Time taa (Normalized) 


Suppply Voltage Vcc (V) 








CS ACCESS TIME vs. AMBIENT TEMPERATURE 


1.3 


1.2 


0.9 


CS Access Time tacs (Normalized) 


0.8 
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20 40 60 80 


Ambient Temperature Ta (°C) 


ADDRESS ACCESS TIME vs. AMBIENT TEMPERATURE 


Address Access Time faa (Normalized) 


@ HITACHI 


@ HITACHI 





Ambient Temperature Ta (°C) 
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HB56A18A/AT/B-6H/7H/8A/10A/12A 


1,048,576-Word x 8-Bit High Density Dynamic RAM Module 


m DESCRIPTION Pin No. Pin Name 
1 
The HB56A18 isa 1M x 8 dynamic RAM module, mounted eight ai 
1-Mbit DRAM (HM511000JP) sealed in SOJ package. An outline of 2 CAS Ag 
the HB56A18 is 30-pin single in-line package having Lead types 3 | DQ | 18 | Ay 
(HB56A18A, HB56A18AT), socket type (HB56A18B). Therefore, the 
HB56A18 makes high density mounting possible without surface ao NE 
mount technology. The HB56A18 provides common data inputs and 5 DQ, 
outputs. Its module board has decoupling capacitors beneath the aa 
— Sa oe 
A 
™@ FEATURES : = 
eid Da 
e 30-Pin Single In-Line Package 5 
bead ‘PUG ie cue ewe ease Ae eeea eso 2.54mm ? Ne 
° Single 5V (+ 10%) Supply 10 DQ, DQ, 
e High Speed ll re 5 N 
Access Time .............---- 60/70/80/100/120ns (max.) ibis 
e Low Power Dissipation 12 RAS 
rT are SPR rea cd seemenauee Sah es 13 DQ; NC 
tandby Mode..............00 cece eee ees mW (max. 
e Fast Page Mode Capability i oe 
©512 Retresh Cycle indus coc esos eee Cue cawnkee oes 8ms 15 Voc 
e 2 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh @ PIN DESCRIPTION 
e TTL Compatible Pin Name Function 
Ao ~ Ag Address Input 


M@ ORDERING INFORMATION 


Ao ~ Ag Refresh Address Input 
Package 


Access RAS Row Address Strobe 
Time 30-Pin SIP 30-Pin SIP Low 30-Pin SIMM 
Lead Type Profile Lead Type Socket Type CAS Column Address Strobe 
60ns HB56A 18A-6H HBS56A I8AT-6H HB56A 18B-6H WE Read/Write Enable 
70ns HB56A 18A-7H HB56A 18AT-7H HB56A18B-7H DQ) ~ DQ, Data-In/Data-Out 
80ns HBS56A 18A-8A HB56A 18AT-8A HB56A 18B-8A Vcc Power Supply (+5V) 
100ns HBS56A 18A-10A HBS6AI18AT-10A | HBS56A18B-10A Vss Ground 
120ns HB56A 18A-12A HBS6AI8AT-12A | HB56A18B-12A NC Non-Connection 


@ PIN OUT 
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HB56A18A 
@ BLOCK DIAGRAM 


AO 
Al 


COIN [Oi 


A3 
A4 
A5 
A6 
A7 
A8 
AQ 


at, 
awh 


(14) 
15 
17 
18 


Ras 27 


CAS (2) 
we 2 





Vcc (1) 


Pt aes Ga! M1 ~ 8 Vcc 
Vcc 
9 C=0.22uF x 8 

~8 Vss 
Vss 22 
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HB56A18A 


@ PHYSICAL OUTLINE 


e HB56A18A Series 


5.28max. 
(0.208max.) 


81.2(3.197) 





("xe WO 18°0) XBW. S02 


30 


2.54(0.1) 


(“uiwO0 LO) 
“UIWP G2 


e HB56A18AT Series 





“_— 
90 
S 
S 
= 
3 

— 
LA 
a 
S 


(0050) (“UIWIQOT"O ) 





“UNP G'S 


8.89max 
(0.350max. ) 


(0.300) 


90.14 (3.549) 
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HB56A18A 


¢ HB56A18B Series 


5.28max. 


(0.208max. ) 












seg 








518 8 
So % = 
aio i | 
Poth 1.27+0.127_ 
1 Sy, (0.05 £ 0.005) 
6.35( 0.250 
/ | 2.54min. (0.100min. ) 
1 1.7R(0.067max. } 2.54( 0.100) orn Sik 
3.17 + 0.127( 60.125 + 0.005) 
2.03(0.080)_| | | 1.78( 0.070) (0.07min) 
7.62( 0.300) | wa T366(2.900REF 
BASIC 


BOTH SIDES 


NOTE: The plating of the contact finger is solder coat. 
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HB56A18A 
@ ABSOLUTE MAXIMUM RATINGS 


e | 
= 


| 


n 
Comal 


Storage Temperature -55 to +125 °C 


Parameter Symbol Unit 
<olascan Ai Bin Vin v 
Relative to Vss v 
Supply Voltage Relative to Vsg cc V 
Short Circuit Output Current mA 
Power Dissipation Pr ae ae W 
Operating Temperature i: © 

| S5t0 +125 | 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


oe [vs [0 [0 | o | v__ 

i 
input High Voltage Ge ee ee es eed 
Input Low Voltage ae = 


NOTE: _ 1. All voltage referenced to Vss. 


™ DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V + 10%, Vsg = OV) 


HBS6A18A/AT/B 
Parameter -7H -12A Unit | Note 


Operating Current 













TTL Interface 
RAS, CAS = Vin 









Standby Current Ine 
CMOS Interface 
RAS, CAS 2 Vcc -0.2V mA 
Dout = High-Z 


RAS = Vy, CAS = Vi, 
Standby Current Dour = Enable 40 40 40 40 40 | mA 1 
CAS-Before-RAS : 
Input Leakage 
Output Leakage I OV <= Vour = 7V A 
Current LO | Dour = Disable : 
oo 


Opa Vag paso [ow [o [oa] o [oat o [oa ly 


NOTES: 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CAS = Vjn. 
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HB56A18A 
CAPACITANCE (T, = 25°C, Vcc = 5V + 10%) 


Parameter Typ. | Max. | Unit | Note 
Input Capacitance (Address) | Cy | = _| 
Input Capacitance (Clock) Cp | — | 7 | pF | 1 
Input/Output Capacitance (DQ 9-DQ;) | Cy | — | 


NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vjp to disable Dou. 


@ AC CHARACTERISTICS 


Please show at HM511000H series or HM511000A series about AC Characteristics. But don’t use by 
Derayed Write Cycle, because the HB56A18 provides common data inputs and outputs. Please use by 
Early Write Cycle. (twos = twcs (min.)). 
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HB56C18A/AT/B-8A/10A/12A 


1,048,576-Word x 8-Bit High Density Dynamic RAM Module 


@ DESCRIPTION 


The HB56C18 is a 1M x 8 static column mode dynamic RAM 
module, mounted eight 1-Mbit DRAM (HM511002JP) sealed in SOJ 
package. An outline of the HB56C18 is 30-pin single in-line package 
having Lead types (HB56C18A, HB56C18AT), socket type 
(HB56C 18B). Therefore, the HB56C 18 makes high density mounting 
possible without surface mount technology. The HB56C 18 provides 
common data inputs and outputs and also provides separate I/O on 
parity bit for parity check. Its module board has decoupling capaci- 
tors beneath the each SOu. 


@ FEATURES 


e 30-Pin Single In-Line Package 

bead PUCK ie esee Seeks fate kates bales 2.54mm 
e Single 5V (+ 10%) Supply 
e High Speed 

ACCeSS TIM@s.243 3% th ieee oR 80/100/120ns (max.) 
e Low Power Dissipation 

Active Mode ................. 3080/2640/2200mW (max.) 

Standby Mode............. 0000 cece eee eee 88mW (max.) 
e Static Column Mode Capability 
e 512 Refresh Cycle ........ 0... ccc eee tenes 8ms 
e 2 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 
e TTL Compatible 


@ ORDERING INFORMATION 
Package 


Access 
Time 30-Pin SIP 30-Pin SIP Low 30-Pin SIP 
Lead Type Profile Lead Type Socket Type 
80ns HBS56C18A-8A HBS56CI18AT-8A HBS6C 18B-8A 


100ns HB56C18A-10A HBS6CI8AT-10A HB56C18B-10A 
120ns HBS56C18A-12A HBS6CI8AT-12A HBS56C18B-12A 


@ PIN OUT 





HITACHI 


Pin No. Pin Name 
i | vec | 16 | Pay 
D0; 
s [a | a | we 
D0, 
9 Ves NC 
r D0, 

@ PIN DESCRIPTION 
Pin Name Function 
Ag ~ Ag Address Input 
Ao ~ Ag Refresh Address Input 
RAS Row Address Strobe 
CS Chip Select 
WE Read/Write Enable 

DQ) ~ DQ, Data-In/Data-Out 
Vec Power Supply (+5V) 
Vss Ground 
NC Non-Connection 
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HB56C18A/AT/B-8A/10A/12A 
™@ BLOCK DIAGRAM 


AO 
Al 


“I [Ol [& 


ag 4 
as (12 
ag 14 
a7 {15 
ag Lt? 
ag (18 


Ras [22 


Gas 2) 
Wwe 





Vcc (1) 


ke (30) M1 ~8 Vcc 
Vss 9 C=0.22uF x 8 
Men 99 Mi~8Vss 
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HB56C18A/AT/B-8A/10A/12A 


@ PHYSICAL OUTLINE 
¢ HB56C18A Series 





78 74(3 100) 4.5 28max 
7 (0 208max ) 


ere 





x 
o 
& 
% 
= 
5 
E 
~ 
w 
o 
N 
as 0 25(0 0098) 
: 9.0098 
sé 
é 
és 0 50(0 0197) 1.254101) 
ale 
mm (inch) 


e HB56C18AT Series 


8.89max. 


88.9( 3.500) 
| | (0.350max. ] | 


0.25( 0.0098) 


(0.100min. ) 





© HITACHI 
Hitachi America, Ltd ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


839 





HB56C18A/AT/B-8A/10A/12A 


e HB56C18B Series 


88.9(3.500) 


3.38(0.133) 82.14(3.234) 
5.28max. 


fz ' 1.45min.(0.057min. ) (0.208max. ) 


*3 
127+0.127 
(0.05 + 0.005) 


‘% 
8 
& 
6 
B 
£ 


10.16( 0.400) 


6.35 (0.250 ) 
2.54min.(0 100min ) 


1.7R(0.067max. ) 2.54(0.100) _ aa SIDES 
ria 3.17 + 0.127( 0.125 + 0.005) 


7 62(0.300) 73.66(2 900 REF 


BASIC 
BOTH SIDES mm (inch) 





NOTE: The plating of the contact finger is solder coat. 
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HB56C18A/AT/B-8A/10A/12A 


M@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 
-1.0 to + 7.0 V 


-1.0 to + 7.0 V 


Voltage on Any Pin Relative to Vss 
Supply Voltage Relative to Vgs 


rj < 


Short Circuit Output Current 50 mA 
Power Dissipation W 
Operating Temperature Ane 0 to + 70 °C 
Storage Temperature T stp ~55 to +125 2 & 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


Parameter Min. Typ. Note 

cy Wlbaes ae ee ee ee ee ee 
: 
Input High Voltage Vu | 24 | — | ss] v_|_1 
Input Low Voltage vu | 10 | — [| os [|v | 1 


NOTE: _ 1. All voltage referenced to Vss. 


™@ DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V + 10%, Vsg = OV) 









HBS56C18A/AT/B 
Parameter Symbol Test Conditions -8A -10A -12A Unit | Note 
Min. | Max. Max. | Min 
Operating Current Iect 560 480 12 


TTL Interface 
RAS, CS = Vin 
Dout = High-Z 





Standby Current Icc2 
CMOS Interface 


RAS, CS = Vcc -0.2V 
Dout = High-Z 


RAS-Only aes 
Refresh Current Icc3 


RAS = Vin, CS = Vit 
Dout = Enable 


CAS-Before-RAS , ‘io Zenae 
Refresh Current CC6 RC : 
Static Column Mode I Static Column Mode 
Current Cc9 tpo = Min. 


Input Leakage Current Iu OV <= Vin = 7V 


OV < Vout <= 7V 
Dout = Disable 


Output Low Voltage VoL Iout = 4.2mA 


NOTES: __ 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 


p| zs 





aN 
oO 
© 


_y 


Standby Current Iccs 


- - 
oo oo 
oO =) 
G2 
N 
© 


ie) 
1S) 
joe) 
Ras 
es) 


Output Leakage Current ILo 


aN £ BN 
S$; s{ico}| 8s 
N 
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fe 
eS 


< 

Qa o |S § 

Q 

\) = 
‘ip s 


< 
Q 
Qa 


\o) 
ron 
a) 
EF {FE =| S = =| | 3 
Nh 


o|< 
B16 


aS 


© 
S 
a 


2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CS = Vin. 


© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 841 


HB56C18A/AT/B-8A/10A/12A 


M@ CAPACITANCE (T, = 25°C, Vcc = 5V + 10%) 


Parameter Not 


Input Capacitance (Address) Ci, | — | 55 | pF | 1 
input Capacitance (Clock) ee a eee 
Input/Output Capacitance (DQo-DQ;) a ae Ee ae 


NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = Vin to disable Dout. 


@ AC CHARACTERISTICS 


Please show at HM511002H series about AC Characteristics. But don’t use by Derayed Write Cycle, 
because the HB56C18 provides common data inputs and outputs. Please use by Early Write Cycle. (twos 
= twcs (min.)). 
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HB56A19A/AT/B-6H/7H/8A/10A/12A 


1,048,576-Word x 9-Bit High Density Dynamic RAM Module 


= DESCRIPTION Pin No. Pin Name 
The HB56A19 is a 1M x 9 dynamic RAM module, mounted nine Nec ie waa 

1-Mbit DRAM (HM511000JP) sealed in SOJ package. An outline of 2 CAS Ag 
the HB56A19 is 30-pin single in-line package having Lead types 3 | DQ | 18 | Ay 
(HB56A19A, HB56A19AT), Socket type (HB56A19B). Therefore, the 
HB56A19 makes high density mounting possible without surface : ine. Pe Be 
mount technology. The HB56A19 provides common data inputs and 5 DQ; 
outputs and also provides separate I/O on parity bit for parity check. 6 F pa, | 21 | WE 
Its module board has decoupling capacitors beneath the each SOJ. 
eee Da, 
e 30-Pin Single In-Line Package : 7 aoe 

LCaG CM orny heen ae ee eee ee 2.54mm SS 
e Single 5V (+ 10%) Supply 10 DQ, 
e High Speed 

Access Time .............005. 60/70/80/100/120ns (max.) a a 
e Low Power Dissipation 12 RAS 

Active Mode ........ 4455/3960/3465/2970/2475mW (max.) 13 PCAS 

Standby Mode... ....... 0.0.0. 99mW (max.) 7 a 
e Fast Page Mode Capability 6 
#512: Retresh Cycles \ccuese tcc asa ee ae jan tpt eas 8ms 15 Vec 
e 2 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh a PINES enon 
e TTL Compatible Pin Name Function 

Ag ~ Ag Address Input 


@ ORDERING INFORMATION 
Ag ~ Ag Refresh Address Input 


Package —— 
Access RAS Row Address Strobe 
Time 30-Pin SIP 30-Pin SIP Low 30-Pin SIMM —— 
Lead Type Profile Lead Type Socket Type CAS, PCAS | Column Address Strobe 


60ns HB56A 19B-6H WE Read/Write Enable 
70ns HB56A 19B-7H DQ) ~ DQ; Data-In/Data-Out 
80ns HB56A 19B-8A PD Parity Data-In 
100ns HBS56A 19B-10A PQ Parity Data-Out 
120ns HBS56A 19B-12A Vcc Power Supply (+5V) 


Vos Ground 
@ PIN OUT NC Non-Connection 
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HB56A19A/AT/B-6H/7H/8A/10A/12A 
@ BLOCK DIAGRAM 


ao 4 
Ai © 

7 
ag (8 
A4 


Ag 4 
A7 15) 
A8 
AQ 


Ras 27 


CAS (2) 
WE (21) 


——— (28 
PCAS (2) 


Veco 






AO-A10 
RAS 


Din 


Dout a 





(29) 


Voc (30) M1 ~ 9 Vcc 


= 0.22uF x9 


9 C= 
~ Ss 
Vss 422 


844 
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PQ 


HB56A19A/AT/B-6H/7H/8A/10A/12A 


@ PHYSICAL OUTLINE 


¢ HB56A19A Series 
81.2(3.197) 


af BUULULLL 





Y Y Y Y Y Y 1 Y Y i oleBele Y Y Y Y y y 1 


a 50(0.0197 ) ad i ne 2.54(0.1) 


88.9( 3.500 8.89max. 
0.35max. 


| (0.810max. ) 





e HB56A19AT Series 


0.25( 0.0098) 





] igi 
0.50_Jl 


(0.300) (0.0197) 
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HB56A19A/AT/B-6H/7H/8A/10A/12A 


e HB56A19B Series 


88.9(3.500) 
3.38 (0.133) 82.14 (3.234 ) 


1.14min. (2x ) 
3 
wv 
S 
S 
S 


(0.045min. ) (0.208max. ) 
(0.05 + 0.005 ) 
.35 {0.250 ) 
(R0.067max. ) 2.54min.(0.100min. ) 


{ 
aac. 54(0. BASIC 
1.7max 2.54(0.100) BASIC OES 3.17 + 0.127( 90.125 + 0.005 ) 


2.03(0.080 ) 
1.78( 0.070) (0.07min) 
7.62 (0.300) 73.66 (2.900 REF 


BASIC 
BOTH SIDES 


1.27 + 0.127 





0.45max.(0.805max. } 


a 





NOTE: The plating of the contact finger is solder coat. 


Detail A 





Note: The plating of the contact 
finger is solder coat. 
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HB56A19A/AT/B-6H/7H/8A/10A/12A 


Mm ABSOLUTE MAXIMUM RATINGS 


Parameter Value Unit 
Voliage on Any Pin “10% + 70 v 
Relative o Vss “10t0 + 70 v 
Supply Voltage Relative to Vss -1.0 to + 7.0 V 
Short Circuit Output Current Ee 
Power Dissipation 
Operating Temperature 0 to + 70 a & 
Storage Temperature -55 to + 125 ig & 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


S 
= 
> 


Saar @ 0) o fo vd 
Input High Voltage [Vw | 2a ss 


NOTE: 1. All voltage referenced to Vss. 


™ DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V + 10%, Vos = OV) 


HBS6A19A/AT/B 
Test Conditions | 6H 





“Ay 
jan 
oo 
> 
3 
> 
S 
> 
= 
> 


Parameter Symbol Note 





< 
: 
= 
i] 
< 
: 
= 
i] 
= 


sis{sieiais| «| = [sk 
NH 
pelea ees ie 
ES 
Nn 
cE 
v7) 
: ee 
GN 
Le 
Nn 
Ez =z 2 Ss S = 3 2 3 
[=| (3/2 /8/8] 2] 8 | 8 Bl E 


Operating Current lec 


om 
NO 


TTL Interface 
RAS, CAS = Viy 
Dout = High-Z 





Standby Current loc 
CMOS Interface 
RAS, CAS 2 Vec -0.2V 
Dout = High-Z 


RAS-Only — 
Refresh Current Ioc3 


RAS = Vy, CAS = Viz 


CAS-Before-RAS I jo rate) 
Refresh Current CC6 RC : 


~ 
S) 
oO . 
emt 
rw 
o * 





nN 


Standby Current 


ww 
fo)) 
© 


— Lam 
= a 
. elelelele| © Fld. 


Fast Page = 

Input Leakage 

Output Leakage OV <= Vour = 7V 

Current Dour = Disable 

Output High 

Voltage . Vou | lour = -5 mA 2.4 | Voc Voc Voc Voc Vec 


0.4 


Output Low Voltage Vo. | Ilour = 4.2mA 


NOTES: _ 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 


fom) 
aS 
So 
as 
a) 
mS 
(on) 
IN 


2. Address can be changed less than three times while RAS = Vi. 
3. Address can be changed once or less while CAS = Vn. 
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HB56A19A/AT/B-6H/7H/8A/10A/12A 


M CAPACITANCE (T, = 25°C, Voc = 5V + 10%) 


Parameter —— Unit Note 


Input Capacitance (Address) 
Input Capacitance (Clock) 


ei ered 
| - | 
Input/Output Capacitance (DQ)-DQ,) zr fo | oo 
eae eee Ce 
aS ee 


12 
1,2 
1,2 


Input Capacitance (PD) 
Output Capacitance (PQ) 
NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vin to disable Dout. 


=" 


@ AC CHARACTERISTICS 


Please show at HM511000H series or HM511000A series about AC Characteristics. But don’t use by 
Derayed Write Cycle, because the HB56A19 provides common data inputs and outputs. Please use by 
Early Write Cycle. (twos = twcs (min.)). 
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HB56C19A/AT/B-8A/10A/12A 


1,048,576-Word x 9-Bit High Density Dynamic RAM Module 


m DESCRIPTION Pin No. Pin Name 
1 V 16 D 
The HB56C19 is a 1M x 9 static column mode dynamic RAM | Voc | 16 os 
module, mounted nine 1-Mbit DRAM (HM511002UP) sealed in SOJ 2 CS Ag 
package. An outline of the HB56C19 is 30-pin single in-line package 3 18 A 
having Lead types (HB56C19A, HB56C19AT), Socket type i ee - 
(HB56C19B). Therefore, the HB56C19 makes high density mounting p Ao | 9 
possible without surface mount technology. The HB56C19 provides 5 DQ; 
common data inputs and outputs and also provides separate I/O on 6 ee eae WE 
parity bit for parity check. Its module board has decoupling capaci- 
tors beneath the each SOJ. 7 Vss 
m@ FEATURES : DQs 
* 30-Pin Single In-Line Package Z Vss Nt 
Lead PiteW iis. cc2dara Damien eens an wens 2.54mm 10 | DQ DQ; 
e Single 5V (+ 10%) Supply ll A 7% P 
Access TiIMe@. 0.6 cede abe bee bee 80/100/120ns (max.) 12 RAS 
e Low Power Dissipation 13 DQ; PCS 
Active Mode ................. 3465/2970/2475mW (max.) 
Staridby MOd6: 2.42%440¢ 00 edna ear g heads 99mW (max.) i es 
e Static Column Mode Capability 15 Vee 
© 512 Retresn Cycle: o.65 occ 440 suradces aww ak onde Sous oe 8ms 
e 2 Variations of Refresh 
RAS Only Refresh @ PIN DESCRIPTION 
CAS Before RAS Refresh 
¢ TTL Compatible Pin Name Function 
Ago ~ Ag Address Input 


@ ORDERING INFORMATION Ao ~ Ag Refresh Address Input 





ise: Package RAS Row Address Strobe 
Time 30-Pin SIP 30-Pin SIP Low 30-Pin SIMM CS Chip Select 
Lead Type Profile Lead Type Socket Type — 
PCS Parity Chip Select 


80ns HBS6C19A-8A HBS6C19AT-8A HBS6C 19B-8A —— 
WE Read/Write Enable 
100ns HB56C19A-10A HBS56C19AT-10A HB56C19B-10A 
DQ) ~ DQ7 Data-In/Data-Out 
120ns HBS6C19A-12A HBS6C19AT-12A HBS6C 19B-12A 
PD Parity Data-In 


@ PIN OUT PQ Parity Data-Out 
Vcc Power Supply (+5V) 
Vos Ground 
NC Non-Connection 
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HB56C19A/AT/B-8A/10A/12A 
@ BLOCK DIAGRAM 


AO 
Atl 
A2 
A3 
A4 
As 12 
Ag (14 
A7 15 
AB 17 
AQ 18 


COIN (oO [> 


a, 
amd, 


Ras {2/ 


ons 
we £2 


men (28 
PCAS al 











M5 
AO-A10__——CODiin 
RAS Dout 






WE 


Vcc (1) 
| | ie anneal 
Vcc 30 
9 C=0.22uF x9 
~9Vss 
Vss 22 
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HB56C19A/AT/B-8A/10A/12A 
@ PHYSICAL OUTLINE 


¢ HB56C19A Series 
81.2(3.197) 


af ' ti LULL. 


0.50( 0.0197 ) rarer 2.54(0.1) 


88.9(3.500) 8.89max. 
0.35max. 


20.57max. (0.810max. ) 





2.54min 
“0.100min. 


e HB56C19AT Series 


0.25( 0.0098 ) 


7.62 2.04 | | 0.50 I 
(0.300) (0.100) (0.0197) 
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HB56C19A/AT/B-8A/10A/12A 


e HB56C19B Series 










(0.208max. ) 
% 
E 
wn 
% 
sg 
a] S 
5| = 
a| 3 1.27+0.127 
mite (0.05 + 0.005) 
6.35 (0.250) ] 30 
(R0.067max. ) en 2.54min.(0.100mn. ) 
1.7max. 2.54(0.100) 
3.17+0.127( g0. 
2.03(0.080) BOTH SIDES ¢0.125 + 0.005 ) 
1.78(0.070) (0.07min ) 
7.62( 0.300) 73.66(2.900)REF 
BASIC 
BOTH SIDES 


NOTE: The plating of the contact finger is solder coat. 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Unit 
Voltage on Any Pin Relative to Vsg | UV -1.0 to + 7.0 V 
Supply Voltage Relative to Vos a ee -1. a to + 7.0 V 


Short Circuit Output Current 
Power Dissipation 


Tout 
Operating Temperature 0 to + 70 °C 


Storage Temperature -55 to +125 °C 


= 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T,, = 0 to +70°C) 


Parameter a ee 
Input High Voltage a 2 a 
Input Low Voltage Ce et ee 
NOTE: 1. All voltage referenced to Vss. 
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HB56C19A/AT/B-8A/10A/12A 


™@ DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V + 10%, Vsg = OV) 
HB56C19A/AT/B 


-L2A Unit | Note 


Max. 
540 





GO 


Parameter Symbol Test Conditions 


TTL Interface 

RAS, CS = Vin 
Dout = High-Z 
CMOS Interface 


RAS, CS = Vcc -0.2V 
Dout = High-Z 


RAS-Only on 


RAS = Vin, CS = Vit 
Dout = Enable 





a 
nN 






— 


p | ¥ On 
rs we) 
ee i z 
pa; S [5 5 
7 a 
Lo) 





Standby Current Icc2 





— 


Standby Current Iccs 


CS-Before-RAS = 
Static Column Mode naa Column Mode 540 13 


= Min. 


OV < Vin = 7V 


OV < Vout = 7V 
Dout = Disable 


Current 


Input Leakage Current 


— 
te 
oe) 


Output Leakage Current 


<| = 
Q 
coe 


in 5 
™—~ 
=) 
WG 
st Is] 8 3 3 =| 3 =] 
NO 


NOTES: _ 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj,. 
3. Address can be changed once or less while CS = Vin. 
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HB56C19A/AT/B-8A/10A/12A 


™ CAPACITANCE (T, = 25°C, Voc = 5V + 10%) 


Parameter Typ. Max. Note 
Input Capacitance (Address) | Ch [| = | 
Input Capacitance (Clock) a ae 
Input/Output Capacitance (DQ 9-DQ7) | Cio | = |p 1,2 
Input Capacitance (PD) oR eae 
Output Capacitance (PQ) Cg oh ee =| 


NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = Vin to disable Dout. 


@ AC CHARACTERISTICS 


Please show at HM511002A series about AC Characteristics. But don’t use by Derayed Write Cycle, 
because the HB56C19 provides common data inputs and outputs. Please use by Early Write Cycle. (twos 


= twcs (min.)). 
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HM514100JP/ZP-8/10/12 
4 Megabit DRAM 


4,194,304-Word x 1-Bit Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM514100 is a CMOS dynamic RAM organized 4,194,304 
word x 1 bit. HM514100 has realized higher density, higher 
performance and various functions by employing 0.8 zm CMOS 
process technology and some new CMOS circuit design technologies. 
The HM514100 offers Fast Page Mode as a high speed access mode. 


Multiplexed address input permits the HM514100 to be packaged in 
standard 20-pin plastic SOJ and 20-pin plastic ZIP. 


@ FEATURES 


e Single 5V (+ 10%) 


e High Speed 
ACCESS tiME. . 0... eee eee eee 80ns/100ns/120ns (max.) 


e Low power dissipation 
—Active mode .................. 495mW/440mW/385mW (max.) 
m~Otandby MOG: oe icks ae eis eee eee eee teas 11mW (max.) 


¢ Fast page mode capability 
© 1,024 1O1OSN: CYCIOS eso sae Chae eh Sena ees (16 ms) 


© 3 variations of refresh 
—RAS only refresh 
—CAS before RAS refresh 
—Hidden Refresh 


e Test Function 


@ ORDERING INFORMATION 




















HMS5141003P-8 80ns ab oes 
HMSI4100JP-10 100ns eae an 
HMS5I4100JP-12 120ns 

HMS514100ZP-8 80ns . : 
HMSI4100ZP-10 100ns 400 mil 20-pin 







Plastic ZIP 





HMS514100ZP- 12 120ns 


@ PIN DESCRIPTION 


Pin Name Function 
Ap-A Address Input 
Aop-Ag Refresh Address Input 
Din Data-in 
Dour Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
Vcc Power (+5V) 
Vss Ground 


© HITACHI 


HMS514400IP Series 


HM514400ZP Series 





@ PIN OUT 


+ HM514100UP Series 
Hitachi Pin No. 
[ JEDEC Pin No. “| 
17s 


(Bottom View) 
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HM514100JP/ZP Series 


@ ABSOLUTE MAXIMUM RATINGS 


= Syiabo Unt 
Voltage on any Pin 
Relative to Vss Vr -1.0 to +7.0 Vv 
Supply Voltage 
Relative to Vsg Vec | -10to+70 | V 


Short Circuit Output Current mA 
1.0 Ww 


0 to +70 a 
-55 to +125 °C 


Power Dissipation Pr 


= 


ao) 
soa 


Operating Temperature 


Storage Temperature T 


wn 
- 
ae 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 


Input Low Voitage ViL -2.0 





Unit Note 


Olan 


NOTE: 1 All voltage referenced to Vss 


e DC Electrical Characteristics (T, = 0 to +70°C, Vcc = 5V + 10%, Vss = OV) 


HMS514100- 12 


= 
K 
GN 
= 
S 
oo 
2 
= 
io, 
= 
$ 
S 


“> Php e bles ele 


Parameter Symbol Test Condition Note 


RAS, CAS Cycling 


Operating Current Icc} heey 
RC = 


Standby Current 
eo 
[Mace 
| teor 


1,2 


TTL Interface 
RAS, CAS _ Vin 
Dou = High-Z 


bho 


o|< a ee ~ ~ kK 


CMOS Interface RAS, 
CAS = Vcc -0.2V 
Dour = High-Z 


RAS Only Refresh Current Icc3 


i 
Standby Current Iccs — 
a 
Leos 


CAS Before RAS Refresh Current Icce 





Fast Page Mode Current Iec7 





> 


Input Leakage Current 


OV < Vout =< 7V 


Output Leakage Current lLo Du, = Disable 
out 


Output High Voltage High I,y, = -SmA 


Low lou, = 4.2mA 


& 
jee) 


Output Low Voltage VoL 


ws 
N 
aN 


NOTE: 1 Icc depends on output load condition when the device 1s selected, Icc max 1s specified at the output open condition 
2 Address can be changed once or less while RAS = Viz 
3 Address can be changed once or Jess CAS = Vin 
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HM514100JP/ZP Series 


¢ Capacitance (T, = 25°C, Vcc = 5V + 10%) 


Parameter Typ. 
Input Capacitance (Address, Data-in) Cy | | 
Input Capacitance (Clocks) | oc | = 
Output Capacitance (Data-out) a ae 


NOTE: 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS = Vin to disable Dout 


e AC Characteristics (T, = 0 to 70°C, Vcc = SV + 10%, Vsg = OV) |. 12, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HM514100-8 HM514100-10 HM514100- 12 








Read Command Hold Time to RAS | tren | 10 | 
Column Address to RAS Lead Time 
Output Buffer Turn-off Time | torr | 0 20 


v7) 
wi) 


I 
Parameter Symbol ee ee Note 
Random Read or Write Cycle Time tre 150 | — | wo | — | 2 | — | os | 
RAS Pas Wit Ttexs_| #0 | 0000 | 100 | 000 | 0 | 10000 | me 
TAS Pave Wie teas 2 | 000 | 25 | wooo | 30 | 10000 | ms 
Column Address Hold Time tcAH | i | — {| 2 | — | 2 | — | os | 
RAS to Column Address Delay Time | trap | 17 | 40 | 20 | 55 | 2 | 65 | os | 9 
Transition Time (Rise and Fall) | t | 3 | so | 3 | so | 3 | so | os | 7 
Retr eid Dar | - |» |-|« | - |» [m | 
@ READ CYCLE 
Max. 
Access Time From RAS | tec | — | 80 | — | wo | — | 120 | ns | 2, 3, 16 
Access Time From CAS tcac | — 7 2 | = | 23 | — | 3 | ons | 3, 4, 14 
Access Time From Address taa [os | ao fe as 5 | ons | 3,5, 14, 16 
Read Command Hold Time to CAS | ten | 9 | — | 09 | = [| 0 | hae | 
ee ee oe ps | 
ee ee ee js | 
aoe 20s ee ke! [ns 


w 


N 
17.) 
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HM514100JP/ZP Series 


@ WRITE CYCLE 


HMS14100-8 HMS514100- 10 HMS14100- 12 
Parameter Symbol i 


Note 


Write Command Set-up Time 


‘Write Command Hold Time 
we 
| tw 


S 


Write Command Pulse Width 


Data-in Hold Time 


—— 
—_ 


= 


Data-in Set-up Time | tps | 0 | 
| tow | 


¢ Read-Modify-Write Cycle 


ae svmbo) |__HMSi4#00-8 | HIMsisi00-10 | HMSiaioo | 
rameter ym ni oO 
| Min, | Max. | Min, | Max. | Min. | Max. | 
Read Modify Wite Cycle Tine | twe | wo | — | 20 | — | ms [| — | m_ 
CAS to WE Delay Time tcwp 25 | = | 2 | — 30 — ns 10 
e Refresh Cycle 
a as 
rameter ym ni ote 
| Min | Max. | Min. | Max. | Min. | Max. 
CAS Set-up Time 
Cuomo | | ® | - |e | - | | - [= 
Ctcoetisramncan | om | ® | - | * | - | * | - |= 
e Fast Page Mode Cycle 
poe ae HM514100-8 HMS514100-10 HM514100-12 - 
rameter ym ni ote 
| Min | Max. | Min. [| Max. | Min. | Max. 
Fast Page Mode Cycle Time | we | 3 | - | 5 | - | 6 | - | o | 
Fast Page Mode CAS Precharge Tine | tcp | 0 | - | 0 | — | 8 | — | =| 
Fast Page Mode RAS Pulse Width | tase_| — | 0000 | — | ooo [~ — | 10000 [am | 3 
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HM514100JP/ZP Series 









Parameter 


Fast Page Mode Read-Modify-Write 
Cycle Time 





¢ Test Mode Cycle 












Parameter 


Test Mode WE Set-up Time 
Test Mode WE Hold Time 





e Counter Test Cycle 







Parameter 


CAS Precharge Time in Counter 
Test Cycle 





NOTES: 1 AC measurements assume tr = 5ns 

2 Assumes that tpcp < trcp (max) and trap S tRAD (max) If tpcp or trap !s greater than the maximum recommended value shown in this table, tRac exceeds the 
value shown. 
Measured with a load circuit equivalent to 2TTL loads and 100pF 


Assumes that tpcp 2 trcp (max) and trap <= trRAD (max) 


Assumes that tpcp <= trcp (max) and trap = tRAD (max) 
. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels 
Vin (min) and ViL (max) are reference levels for measuring timing of input signals. Also, transition times are measured between V1H and VIL. 
. Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) 1s specified as a reference point only, if tpcp is greater than the specified tpcp 
(max) limit, then access time ts controlled exclusively by tcac. 
9. Operation with the tRap (max) limit insures that trac (max) can be met, tRap (max) 1s specified as a reference point only, if trap 1s greater than the specified tRap 
(max) limit, then access time 1s controlled exclusively by taa. 

10 twcs, trwp, tcwp and tawp are not restrictive operating parameters. They are included 1n the data sheet as electrical characteristics only: if twcs = twcs (min), the 
cycle 1s an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle, if tpwp 2 tRwp (min), tcwp = tcwp (min) 
and tawp = tawb (mun), the cycle 1s a read-modify-write and the data output will contain data read from the selected cell, if neither of the above sets of conditions 1s 
satisfied, the condition of the data out (at access time) 1s indeterminate. 

11 These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a read-modify-write cycle 


12 An initial pause of 100 ys 1s required after power up followed by a minimum of eight initialization cycles (RAS-only refresh cycle or CAS-before-RAS refresh cycle). If 
the internal refresh counter 1s used, a minimum of eight CAS-before-RAS refresh cycles 1s required 


on AN A & WwW 


13. trasc defines RAS pulse width in fast page mode cycles 


14 Access time ts determined by the longer of taa or tcac or tacp. 

15 Test mode operation specified in this data sheet 1s 8-bit test function controlled by control address bits—RA1I0, CA10 and CAO This test mode operation can be 
performed by WE-and-CAS-before-RAS (WCBR) refresh cycle Refresh during test mode operation will be performed by normal read cycles or by WCBR refresh 
cycles When the state of eight test bits accord each other, the condition of the output data 1s high level When the state of test bits do not accord, the condition of the 
output data 1s low level Data output pin 1s Dou: and data input pin 1s Dip. In order to end this test mode operation, perform a RAS-only refresh cycle or a 
CAS-before-RAS refresh cycle 

16. In a test mode read cycle, the value of trac, tad, tCAc and tacp 1s delayed for 2ns to Sns for the specified value These parameters should be specified 1n test mode 
cycles by adding the above value to the specified value in this data sheet 
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HM514100JP/ZP Series 


@ TIMING WAVEFORM 
e Read Cycle 


RAS 


CAS 


Address 


Dout 


e Early Write Cycle 


RAS 


CAS 


Address 


trc 


a 
AE a — Sa 


= et 
tase = 





& 


tRAH 


4 hop Te Fea 


Perle 


W//A, Don't care 


trc 


EE pe 


= 


ele tS 


twos tWCH 


LLL || _ WELLE 


LLLLLLLLLILLLD__FRLLLLLILLLLLL 2 


"Vy : Don't care 


** twces2twes (min) 
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HM514100JP/ZP Series 


¢ Delayed Write Cycle 


tac 


— oo ee cnt MOSH ce ice ke | 
RAS —— ae 


RSH 
ICAS tcrp 


sia > — leon ee 


trcs 


We LLL "VWI 
on  - LLL = KL 


‘WHA : Don't care 


¢ Read-Modify-Write Cycle 
CAS -| ea 
oe 
Address Re Rote LLL LLL LLL LL LLL 


| VEZ 





Pe celled 
Din MLLLLLLLLLLLLLLL LLL LLL LLL LLL LLL Le 
Dout ic ia: 





‘V4 : Don't care 
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HM514100JP/ZP Series 


e RAS Only Refresh Cycle 





CAS YLLLI RSLLLLLLL LLL LLL 
eee SLQy___fen___ a 
Dout ZZ oa 
e Hidden Refresh Cycle 
wnt thas tras tras 
” \nem — 
Address a Row BUR ans = C xX 
a er 
WE : <i 
Dout ‘ Dout ; 
‘ ZZ: ont care 
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HM514100JP/ZP Series 


¢ CAS Before RAS Refresh Cycle 








RAS 

a ae: ' 

Address YAY LLLLLLLLL LLL LLL LLL LLL LLL LLL LLL LLL LL 
Boi OPEN 


: A fff: Don care 


WE Vu 


e Fast Page Mode Read Cycle 





|. taco. tcas. pal 
s = =] F 
este tele” su 

e=o i i F tacH 


Address 


ee i 
we ae" Ka = Cl S [ 


‘ WJ/7 : Don't care 


Dout 
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HM514100JP/ZP Series 


¢ Fast Page Mode Early Write Cycle 


tRasc 





RAS 


<5 St tRsH tap 
tcrp 


naieea Di " at rae oft ott Ce WIZE 
we ILLIA ie ae | WIL 


Din LLLLLL LLP JRL ?=_§ FRA ON IKLILLLL 1 


et Open ** 
ou 
: 4/2 : Don't care 
* tweSatwcs (min) 
e Fast Page Delayed Write Cycle 
trasc a 
RAS 
some 
CA 


adcress 7D om KOM om Bae ic a Sg 
WE DD es, eee 
ji YLLLLLLL LL LL rr KL LL Sl tL, 


Din 
KAA *Don't care 
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HM514100JP/ZP Series 


e Fast Page Mode Read-Modify-Write Cycle 


RAS 
| aaa — 


- 
S SUT TN LZ 
Bisse 
Com MOM KOZ Oo KO 





Bir MLLLLLLLLLLL PR° KEL {1 “ny 
coekoece 
pout — ie — Se a 
torr ee tOFF—-y_ 


7 V/A : Don't care 
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HM514100JP/ZP Series 


¢ Test Mode Cycle 


Test mode cycle 





*1 CBR or RAS only refresh 
*2[//7/,4 :Don'tcare 
*3 Address, Din: Don't care 


¢ Test Mode Set Cycle 


866 


: nites 
ce Cy 


we LLL. om 
Mess WWW xxx 





OPEN 
Dout 


Note *1 LLLL : Don't care 
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HM514100JP/ZP Series 


@ TEST MODE RESET CYCLE 
e CAS Before RAS Refresh Cycle 


RAS 


CAS 





Addtess QYLLLLLLLLLLLILLLLLLLLLLLLLLELLLLL LLL LLL LLL LLL 


OPEN 


Dout 
Note *1 LLLL : Don't care 


e RAS Only Refresh Cycle 


- = 


torp 


ms ZZ \\ LLL 
nasees ZZIIDM = LLL 7 
Dout = 


Note *1 Refresh Address A0~A9 (AXO~AX9) 
*2 LLLL : Don't care 


¢ CAS Before RAS Refresh Counter Check Cycle (Read) 


RAS =a 
om aoe 


2 = Be 


ie baa 


LLLLLLL / LLILIL2 
om a — 


ae a a 
“4 LLL Don't care 


> 
e) 


> 


= 
mi 
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HM514100JP/ZP Series 





¢ CAS Before RAS Refresh Counter Check Cycle (Write) 


tap 


RAS 


tcrp 
P 
CAS 


F wud rao, lege 
WE WLLL ER eee 


toss [>] 
Ot 


OPEN 


Dout 


NI 


“1 ALLLD * Don't care 


m@ 4M DRAM LOW POWER VERSION 


The specification on the low power version is the same as the standard 4 Megabit DRAM with the exception of the 
following parameters. 


HMS51/4100LJP/LZP 








Type No. 
a 

RAS, CAS, WE = Vcc - 0.2V 

Iec Other Pin = Vcc - 0.2V or s 0.2V 

(Standby CMOS Interface) (Address and Dyn is Stable) 200nA max 
Dout: High-Z 
tec = 125ys, tras S lus 

Iccio Viti 2 Vcc - 0.2V, Vi_ = 0.2V 

(Standby with CBR Refresh) WE and OE = Viq, Address and D,,, 1s Stable 300A max 
Dout: High-Z 

Refresh as 

(REF 


*only for IM x 4 


868 
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HM514100JP/ZP-7 
4 Megabit DRAM 


4,194,304-Word x 1-Bit Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM514100 is a CMOS dynamic RAM organized 4,194,304 
word x 1 bit. HM514100 has realized higher density, higher 
performance and various functions by employing 0.8 h»m CMOS 
process technology and some new CMOS circuit design technologies. 
The HM514100 offers Fast Page Mode as a high speed access mode. 


Multiplexed address input permits the HM514100 to be packaged in 


. : ; ; HMS14400JP Series 
standard 20-pin plastic SOJ and 20-pin plastic ZIP. 


@ FEATURES 


e Single 5V (+ 10%, -5%) 


e High Speed 
ACCOSS HINO: either net ils tae ee ea ea EM 70ns (max.) 


e Low power dissipation 
2 ACIVG MOUG%.5.254 4.050425 see MANES ee ewes 550mW (max.) 
—Standby mode ........... 0... ccc eee eee eee 11mW (max.) 


e Fast page mode capability @ PIN OUT 
©1024 retresn CYCIOS «ec Ss wanes Sh ehe B Gs Phe es SE (16 ms) 


¢ 3 variations of refresh 
—RAS only refresh 
—CAS before RAS refresh 
—Hidden Refresh 


e Test Function 


@ ORDERING INFORMATION 


@ PIN DESCRIPTION 


HMS514400ZP Series 









+ HM514100JP Series 
Hitachi Pin No. 
[ sEDEC Pin No. | 
A 
















350 mil 20-pin 


HMSI4100JP-7 Plastic SOJ 


400 mil 20-pin 


HMS514100ZP-7 Plastic ZIP 






Pin Name Function 
Ao-Ai0 Address Input 
Ag-Ag Refresh Address Input 
Din Data-in 

Dour Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 
WE Read/Write Enable 
Vec Power (+5V) 
Ves Ground (Bottom View) 
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HM514100JP/ZP-7 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Unit 


Voltage on any Pin -1.0 to +7.0 V 


Relative to Veg 


Supply Voltage 

Relative to Vgs Voc See ee Mi 
Short Circuit Output Current eae ae mA 
Operating Temperature "Cc 
Storage Temperature -55 to +125 °C 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 





Parameter 






Supply Voltage 






Input High Voltage 
Input Low Voltage ViL -2.0 — 0.8 Vv 1 








NOTE: |}. All voltage referenced to Vss 


e DC Electrical Characteristics (T, = 0 to +70°C, Vcc = 5V + 10%, -5%, Vss = OV) 





rameter ymbdo [Min | Max nit est Condition ote 
tec = min 
TTL Interface 
2 mA RAS, CAS = Vin 
Dout = High-Z 
Standby Current Ieco 
CMOS Interface RAS, 
mA CAS = Vcc -~0.2V 
Dour = High-Z 
RAS = Vin 
Standby Current Iecs 5 mA CAS = Viz 1 
Dour = Enable 
Input Leakage Current In | -10 | 0 | pA | OV < Vin = 7V 
OV < Vout <= 7V 
Output Leakage Current Ito pe 10 Dour = Disable 
Output High Voltage Vou Vec High Tou, = -SmA 
Output Low Voltage VoL | o | o4 | vi | Low Ijy, = 4.2mA 
NOTE: 1 Icc depends on output load condition when the device is selected, Icc max 1s specified at the output open condition 


2 Address can be changed once or less while RAS = ViL 
3 Address can be changed once or less CAS = Vin 
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e Capacitance (T, = 25°C, Vcc = 5V + 10%, -5%) 


Parameter 
Input Capacitance (Address, Data-in) 
Input Capacitance (Clocks) 


Output Capacitance (Data-out) 


Co 


"Ti 


Pp 


oe ea ee 


NOTE: 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 


2 CAS = Vjq to disable Dout 


e AC Characteristics (T, = 0°C to 70°C, Vcc = 5V + 10%, -5% Vsg = OV) |. 2, 55 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


Parameter 


Random Read or Write Cycle Time 
RAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 

Row Address Set-up Time 

Row Address Hold Time 

Column Address Set-up Time 
Column Address Hold Time 

RAS to CAS Delay Time 

RAS to Column Address Delay Time 
RAS Hold Time 

CAS Hold Time 

CAS to RAS Precharge Time 
Transition Time (Rise and Fall) 


Refresh Period 


@ READ CYCLE 


Parameter 


Access Time From RAS 

Access Time From CAS 

Access Time From Address 

Read Command Set-up Time 

Read Command Hold Time to CAS 
Read Command Hold Time to RAS 
Column Address to RAS Lead Time 
Output Buffer Turn-off Time 


HM5Si4100-7 


Symbol Unit 


~ 
Pad 


140 


a 
Qa 
~] 


> 

n 
N 
os 


tasR 


tasc 


> 


H 


tY 
i) 


trcD 


Sit 
vas 


n 
~~] 
o 


H 


Note 


_ 
N 


Note 





x 
~~ 


z 
Wa 
(an) 


oMmisy ey ey 
sell loo 
sll leh b | fee fe 


i) 


HM514100-7 


Symbol Unit 


= 


n ax 


I] 
i) 


tRAC 


NO 
oA) 


AC 
4 


trcs 


tRCH 


aS 


tRAL 


N 
i) 


> 


7) 
7) 
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Note 


2, 3, 16 
3, 4, 14 
3, 5, 14, 16 
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@ WRITE CYCLE 


Parameter 


Write Command Set-up Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-in Set-up Time 

Data-in Hold Time 


™@ READ-MODIFY-WRITE CYCLE 


Parameter 


Read-Modify-Write Cycle Time 
RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 


@ REFRESH CYCLE 


Parameter 
CAS Set-up Time 
(CAS Before RAS Refresh Cycle) 


CAS Hold Time 
(CAS Before RAS Refresh Cycle) 


RAS Precharge to CAS Hold Time 


™@ FAST PAGE MODE CYCLE 


Parameter 


Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 
Fast Page Mode RAS Pulse Width 
Access Time From CAS Precharge 


RAS Hold Time From CAS Precharge 


872 


HMS5i4100-7 


Symbol Unit 


twcs 


ed 


twcu 5 


tRWL 


N 
mA) 


~— N 


A 


= 
r 


A 


HM514100-7 
Symbol Unit 


ax. 


— 
J 
oS 


4 


> 
; 


trwc 


trwD 
tcwp 2 — ns 
| tw =| 4 | ws 


HMS514100-7 


Symbol Unit 


Leia 


g 
wa 


tCHR 


HM514100-7 


Symbol Unit 


an 
~ 


WN 


tpc 
tcp 


trRASC 


7) 
oS 


tacp 


eu 


tRHCP 
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Note 


il 
il 


Note 


10 
10 


Note 


Note 


13 
14, 16 








HM514100JP/ZP-7 


@ FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


Parameter Note 





Fast Page Mode Read-Modify-Write Cycle Time 


@ TEST MODE CYCLE 


HM5Si4100-7 
Parameter Symbol Unit Note 


@ COUNTER TEST CYCLE 


HM514100-7 


Parameter Note 





CAS Precharge Time in Counter Test Cycle 


NOTES: 1 AC measurements assume tt = Sns 


2 Assumes that tpcp <= tRCD (max) and trap S trap (max) If trcp or trap ts greater than the maximum recommended value shown 1n this table, trac exceeds the 
value shown 


Measured with a load circuit equivalent to 2TTL loads and 100pF 

Assumes that tpcp = trcp (max) and trap S trap (max) 

Assumes that tpcp = trcp (max) and trap = trRAp (max) 

toFF (max) defines the time at which the output achieves the open circuit condition and 1s not referenced to output voltage levels 


Vin (min) and Vii (max) are reference levels for measuring timing of input signals Also, transition times are measured between Vy and VIL 


on DH A & WH 


Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) 1s specified as a reference point only, if trcp 1s greater than the specified tpcp 
(max) limit, then access time 1s controlled exclusively by tcac 


9 Operation with the trap (max) limit insures that trac (max) can be met, trap (max) 1s specified as a reference point only, if trap 1s greater than the specified trap 
(max) limit, then access time 1s controlled exclusively by taa 





10 twcs, tRwp, tcwp and tawp are not restrictive operating parameters They are included in the data sheet as electrical characteristics only 1f twcs = twcs (min), the 
cycle 1s an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle, if tpwp = trwp (min), tcwp = tcwp (min) 
and tawp = tawp (mun), the cycle 1s a read-modify-write and the data output will contain data read from the selected cell, 1f neither of the above sets of conditions 1s 
satisfied, the condition of the data out (at access time) 1s indeterminate 


11 These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a read-modify-write cycle 


12 An initial pause of 100 ys is required after power up followed by a minimum of eight initialization cycles (RAS-only refresh cycle or CAS-before-RAS refresh cycle) If 
the internal refresh counter 1s used, a minimum of eight CAS-before-RAS refresh cycles is required 








13 trasc defines RAS pulse width in fast page mode cycles 
14 Access time 1s determined by the longer of taa or tcac or tacp 


15 Test mode operation specified 1n this data sheet 1s 8-bit test function controlled by control address bits—RA10, CA10 and CAO This test mode operation can be 
performed by WE-and-CAS-before-RAS (WCBR) refresh cycle Refresh during test mode operation will be performed by normal read cycles or by WCBR refresh 
cycles When the state of eight test bits accord each other, the condition of the output data 1s high level When the state of test bits do not accord, the condition of the 
output data 1s low level Data output pin 1s Doyt and data input pin 1s Dyn _In order to end this test mode operation, perform a RAS-only refresh cycle or a 
CAS-before-RAS refresh cycle 


16 Ina test mode read cycle, the value of trac, taa, tcac and tacp is delayed for 2ns to 5ns for the specified value These parameters should be specified in test mode 
cycles by adding the above value to the specified value 1n this data sheet 
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@ TIMING WAVEFORM 
e Read Cycle 


RAS 


CAS 


Address 


Dout 


e Early Write Cycle 


RAS 


CAS 


Address 


tcsH aa 


ere ual LLL 


Par 


amalt: RUIZ 





te 


Don't care 


== aie. 


: er F tap 


LE_ a LEE 


LLLLLLLILLLLLDA____*__FRLLLLLILILIZ 


"UZ : Don't care 


** twes2twcs (min) 
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e Delayed Write Cycle 


tac 





tcsH 


RAS 


RCD RSH 


a: 
ee econ eb ena 





trcs 


We LLL "WILL 
on LLL _™ LLL 


‘V4 : Don't care 


¢ Read-Modify-Write Cycle 


* WE SST 
tasr Hs TT 

adsress Dm DAC ome WOLEZEEZLE™” 

A ate 

we = LLL | | ZZ 
sills 





ach 
Din VALLLLLLLLLLLLLLLL LI SUL Ls ALLL LAL Le 
oa S a a 





"YZ . Don't care 
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e RAS Only Refresh Cycle 





ms Lar MIP dtl 
gee LOL 
Dout : SL/L, Dorit 
e Hidden Refresh Cycle 
tras tras = 


— tRAS 
= eae — r 


CAS ra “as i 
Address tele EETEZEDBO. 





Fite tRCH 
eqed | | RRH 
~«- lorr 
Dout < Dout | s 
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e CAS Before RAS Refresh Cycle 








RAS 

CAS 

Address LLL 
See OPEN 


eae 


Vin 


e Fast Page Mode Read Cycle 


= et 
= Soret | 
ie eB 


Address 7. OE i {a et 


ae LLL a” | las 
+ SARA 


VWA/2 : Dont care 
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e Fast Page Mode Early Write Cycle 


trRasc 





RAS 
taSH tap 


= er i tcrP 


; im as; 
Address LS POS oo oa KK cay ON RSS LLLLL LLL 


we LZ || WD wr an _ WII 


Din nN Se 


Open ° 


Dout GE a See 
WY : Dont care 


* twesatwcs (min) 


e Fast Page Mode Delayed Write Cycle 


878 


tRasc 


Address 777 row Pr cotumn 1) Bai et 


Din 


RAS 


> 
” 


. ff) : Don't care 
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e Fast Page Mode Read-Modify-Write Cycle 


tRasc 


RAS 


CAS man 


Address V/A 4; CP colurmn 1] is coum ROS SA Tl et SZ 


al = 
WE ~ | we aoe LLL 
aah 


Din neal LED 


= 





Dout Ges 
trac 
torr | OFF» 
° Af 7) : Don't care 
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@ TEST MODE CYCLE 


*3 Reset Normal 

set cycle Test mode cycle Cycle *1*3 mode 
me wa wl 
WE PWNNLKLLLL. CLL 


*1 CBR or RAS only refresh 
"2 (744 : Don't care 


*3 Address, Din: Don't care 


¢ Test Mode Set Cycle 


aoe te tRAS 
eee | Ee 


tws 


WE LLL VILILLLLLLELLLLLLL LLL LLL LL 


> 


Address ALS LLLLLLLLLL LLL LLL LL LLL LLL LLL LLL LLL LL 


OPEN 





Dout 


Note *1 LLLL Don't care 
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¢ Test Mode Reset Cycle 
¢ CAS Before RAS Refresh Cycle 


tac tre 
= 4 Oe 
tcsr 
CAS ae cae. aa | aS 
t t 
WS <8] | WH 


pice NR ec 
adtress LLL 
Dout OPEN 


Note “1 LLLL Don't care 
e RAS Only Refresh Cycle 


RAS tras 


tcrp tase 


ws LE ||, LLL 
nasess ZL 2 LLL 
Dout OPEN 





Note *1 Refresh Address AO~A9 (AXO~AX9) 


*2 (ZED) Don't care 
e CAS Before RAS Refresh Counter Check Cycle (Read) 


RAS eee | 
tcsA , 
ms rl JAC 


Pe | 
Fs tacH 


Dire 


Din 
toFF1 


Dout aS ‘i 
“1 LLL Don't care 


> 


al 
m 
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e CAS Before RAS Refresh Counter Check Cycle (Write) 


trp 


RAS 
tcsr 


+ 


CAS 


ep) 


‘LL LLL eS 
Ytttttp EO (WILLE 


WE 
toss 
i Dx AD 
OPEN 
Dout 


“4 LLL : Don't care 


@ 4M DRAM LOW POWER VERSION 


The specification on the low power version is the same as the standard 4 mg DRAM with the exception of the 
following parameters. 


Type No. HMSI4100LJP/LZP 


RAS, CAS, WE = Vcc - 0.2V 





Icc2 Other Pin = Voc - 0.2V or <= 0.2V 
(Standby CMOS Interface) (Address and Dyy 1s Stable) eu Trax 
Dout: High-Z 
trc = 125s, tras = Ips 
Icc10 Vii = Voc - 0.2V, Vit < 0.2V 300nA ie 
(Standby with CBR Refresh) WE and OE = Vj, Address and D,,, is Stable 
Dour: High-Z 
Refresh 128ms 
tREF 





*only for 1M x 4 
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HM514100LJ P/ LZP-8/ 10/ 12 Low Power Version 


4,194,304-Word x 1-Bit Dynamic Random Access Memory 
@ DESCRIPTION 


The Hitachi HM514100 is a CMOS dynamic RAM organized 
4,194,304 word x 1 bit. HM514100 has realized high density, higher 
performance and various functions by employing 0.8 7m CMOS 
process technology and some new CMOS circuit design technolo- 
gies. The HM514100 offers Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514100 to be packaged 
in standard 20-pin plastic SOJ and 20-pin plastic ZIP. HMSI4100LZP Series 


@ FEATURES 


e Single 5V (4+ 10%) 

e High Speed 
ACCESS TIMG:s os 044 cAewA ease es 80/100/120ns (max.) 

e Low Power Dissipation 
Active Mode .................45. 495/440/385mW (max.) 
Standby Mode..............:22 2c eee ee eee 1i1mW (max.) 

e Fast Page Mode Capability 

e 1,024 Refresh Cycles........... 0... cece eee (16ms) m@ PIN OUT 

e 

7 “RAS. On 4 Petresh HMS5I4100LJP Series 

CAS-Before-RAS Refresh 
Hidden Refresh 

e Test Function 

e Battery Back Up Operation 


HMSI4100LJP Series 


(CP-20D) 





(ZP-20) 


Hitachi Pin No. 7 


@ ORDERING INFORMATION 


Access Time 

















Package 


350 mil 20 pin 
Plastic SOJ 
(CP-20D) 


400 mil 20 pin 
Plastic ZIP 
(ZP-20) 


HMS514100LJP-8 
HMS514100LJP-10 
HMS514100LJP-12 


HMS514100LZP-8 
HM514100LZP-10 
HMS514100LZP-12 





@ PIN DESCRIPTION 


Pin Name Function 
Ao ~ Ajo Address Input 
Ag ~ Ag Refresh Address Input 
Din Data-In 
Dour Data-Out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
Vcc Power (+5V) 
Vss Ground 





(Bottom View) 
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@ ABSOLUTE MAXIMUM RATINGS 


Parameter = Unit 
Voltage on Any Pin Relative to Vss -1.0 to +7.0 V 
1. ~ to +7.0 V 


W 
: °C 
-55 to +125 2C 


Supply Voltage Relative to Vss 
Short Circuit Output Current 
Power Dissipation 

Operating Temperature 


ot 


fo 


Storage Temperature 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


Parameter Min. [| Typ. _[ Max. [Unit [| Nove 
Supply Voltage Voc [48 30] 55] v4 
Input High Voltage [va [24 [| — [6s [v4 
Input Low Voltage a 


NOTE: 1. All voltage referenced to Vss. 


@ DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Vec = SV + 10%, Veg = OV) 


HM514100-8 HM514100-10 | HM514100-12 


Parameter Symbol Test Conditions Unit | Note 


Operating Current Icc: | RAS, CAS Cycling tg¢ = Min. 


TTL Interface RAS, CAS = Vin> 
Dout = High-Z, 


<= 
r=) 
a 
Bea 
N 


CMOS Interface RAS, CAS and 
WE = Vcc -0.2V or = 0 2V, 


Standby Current lee 
2 


= 


S 3 3 S S 3 
> > > > > | > 
N 


Address and D,,: Stable, 


RAS-Only 
Refresh Current I¢c3 


RAS = V,q, CAS = Vi, 
Dout = Enable 


CAS-Before-RAS , bites 
Refresh Current CC6 = 
Fast Page 





ot 


Standby Current 


je] & [lil 


hone 
Go 


Vic -0.2V < ys < 6.5V, 
OV < Vy, < 0.2V, 


Battery Back Up 

Operating Current I 
(Standby with CBR CCW 
Refresh) 


= 
> 


WE = Vy, Address and 
D,,: Stable, D,,, = High-Z 


ma) 
= 
s 
w < 
SEOOSOmsG00 





Input Leakage Current OV < Vin = 7V 


OV <= Vour = 7V, 
Dout = Disable 


end 
QD 
wa 


Output Leakage Current Ito 


ot 


XN 
ms 


ed 

f 
o|< 
1G 


Output High Voltage | Vou _| High Igy = -5 mA : 
Output Low Voltage Noe Low Ipyy = 4.2mA | 0 | 04 | 


NOTES: _ 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vj. 
3. Address can be changed once or less while CAS = Vn. 
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HM514100LJP/LZP-8/10/12 
™@ CAPACITANCE (T, = 25°C, Voc = 5V + 10%) 


Parameter Typ. Max. Note 
Input Capacitance (Address, Data-In) ae ee ee ee ee ee 1 
Input Capacitance (Clocks) Cp Sa ae ae ee ae 1 
Output Capacitance (Data-Out) a ae ae ee ee ee ee 1,2 


NOTE: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vix to disable Dou. 


@ AC CHARACTERISTICS (T, = 0°C to 70°C, Vec = 5V + 10%, Vgg = OV) (), (2), (IS) 
e Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 





FIMSHI00- | 
nena? Min. | Max. | Min. | Max. | Min. | Max. ae ever 
Random Read or Write Cycle Time | tre | 180 | — | 190 | — | 20 | — | ns | 
RAS Pulse Width | tras | 80 | 10000] 100 | 10000} 120 | 10000 
CAS Pulse Width 10000 10000 10000 | _ns_| 
Row Address Setup Time | tase | 0 | — | Oo | — | 0 | — | os | 
Row Address Hold Time | tran | 2 | — | 6 | — | 5 | — | os | 
Column Address Setup Time | tisc | o | — | o | — | o | ~ | os | 
Column Address Hold Time | ten | 15 | — | 20 | — | 25 | — | os | 
RAS to Column Address Delay Time | trap | 17 | 40 | 20 | 55 | 20 | 65 | ns | 9 
CAS Hold Time | tesa | 80 | — | 100 | — | 20 | — | os | 
Transition Time (Rise and Fall) | tr | 3 | 50 | 3 | 50 | 3 | 50 | ns | 7 
Refresh Period | teer | — | 128 | — | 128 | — | 128 | os | 
e Read Cycle 
eee HM514100-8 HM514100- 12 Re 
Min Min. | Max. 
Access Time from RAS 100 | — | 120 | ns | 2,3, 16 
Access Time from CAS | = | 30 | ns | 3, 4, 14 


Access Time from Address 


p= | 55 | as | 3,5, 4, 16 
Loe 

eos 
nes 


- 
> 
> 


Read Command Setup Time 

Read Command Hold Time to CAS 
Read Command Hold Time to RAS 
Column Address to RAS Lead Time | tray 
Output Buffer Turn-Off Time torr 


ns 
ns 


tw || 0/S 
—) Olu ~ 
a a} nr 


cm) 
ww 


mw |e loo 
A 1Q 1A 
cm yr in 
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e Write Cycle 
e Read-Modify-Write Cycle 
HMS514100-8 | HMS514100-10 | 
serach Min. | Max. | Min. | Max. | Min. | Max. his ee 
CAS to WE Delay Time tcwp 25 25 — 30 — ns 10 
ae ee ee 


Column Address to WE Delay Time | tawn | 40 | — | 


e Refresh Cycle 


® 
—N 
ws 
oi 


HM514100-8 | HM514100-10 | HM514100-12 


Note 
Max 


Le 
= 
= 


Parameter Sym 


CAS Setup Time 
(CAS-Before-RAS Refresh Cycle) 


CAS Hold Time 
(CAS-Before-RAS Refresh Cycle) 


RAS Precharge to CAS Hold Time 


<= 
Bi 


ot ot ot 
g/¢ | ¢ 
QQ >] rs) a 


: 


<= 
© 
iy 


<= 
ee [=F 


e Fast Page Mode Cycle 


ae ae 10 | _HMS14100-12_| |, 

| Min. | | Max. | | Min. | ; 

Fast Page Mode Cycle Time | tee | 55 | — | 55 | 
Fast Page Mode CAS Precharge Time | tcp | 1 | — | 0 | 
Fast Page Mode RAS Pulse Width | teasc | — | 100000] — | 
Access Time from CAS Precharge | tae | — | 50 | — | 
RAS Hold Time from CAS Precharge | truce | 50 | — | 50 | 


e Fast Page Mode Read-Modify-Write Cycle 


HM514100-8 | HMS514100-10 | HM514100-12 
Symbol 
Min. | Max. : 


it | Note 


z<1cS 
fav) 
1 
| 


15 


5 
Pa 
WS 


100000 


- 
7 


wa 
ile 
= 
>) 
poet 
Qo 













Parameter : : 
Min Max. | Min. | Max. 


het s[-[*|-[e 





Fast Page Mode Read-Modify-Write 
Cycle Time 
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e Test Mode Cycle 


Parameter Symbol Unit Note 
y Min. Min. | Max. | Min. | Max. 


Test Mode WE Hold Time tw fe BOs ili eae oe o2Oe | naan es 


e Counter Test Cycle 










Parameter 






CAS Precharge Time 
in Counter Test Cycle 


NOTES: 1. AC measurements assume tr = 5ns. 


N 


. Assumes that tpcp <= trcp (max.) and trap S trap (max.). If tacp or trap 1S greater than the maximum 
recommended value shown 1m this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100pF. 
. Assumes that trpcp = trcp (max.), trap S trap (max.). 
. Assumes that trpcp < trcp (max.), trap = trap (max.) 


NON nA Bh W 


. torr (max.) defines the time at which the output achieves the open circuit condition and 1s not referenced to output 
voltage levels. 


7. Vin (min.) and Vir (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vy and Vy. 


8. Operation with the trpcp (max.) limit insures that trac (max.) can be met, trcp (max.) 1s specified as a reference 
point only, if tpcp 1s greater than the specified trcp (max.) limit, then access time is controlled exclusively by tcac 


9. Operation with the trap (max.) limit insures that trac (max.) can be met, trap (max.) is specified as a reference 
point only, if trap is greater than the specified trap (max.) limit, then access time is controlled exclusively by taa. 


10. twcs, twp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs = twcs (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tpwp = trwp (min.), tcwp = tcwp (min.) and tawp = tawp 
(min.), the cycle is a read-modify-write and the data output will contain data read from the selected cell; 1f neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 


11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed 
write or a read-modify-write cycle. 

12. An initial pause of 100 us is required after power up followed by a minimum of eight initialization cycles (RAS-only 
refresh cycle or CAS-before-RAS refresh cycle). If the internal refresh counter 1s used, a minimum of eight 
CAS-before-RAS refresh cycles 1s required. 

13. trasc defines RAS pulse width in fast page mode cycles. 

14. Access time 1s determined by the longer of taa or tcac or tacp. 

15. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits—RA jo, CAjo0 
and CAo. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh 
during test mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of 
eight test bits accord each other, the condition of the output data 1s high level. When the state of test bits do not 
accord, the condition of the output data is low level. Data output pin is Dou and data input 1s Dyn. In order to end this 
test mode operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 








16. In a test mode read cycle, the value of trac, taa, tcac and tacp is delayed for 2ns to 5ns for the specified value. 
These parameters sould be specified 1n test mode cycles by adding the above value to the specified value in this data 
sheet 
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e Read Cycle (1) 


tro 
RAS Lacie eae nesirhaeeiey pmeerl 


a gee ee OCH ce ee al 
oT aa 4 
taSR tray 
tRAD 


—— a Soe penne x 
Address 7) ety ONG 





tcre 


RCH 


a tRRH 
WELLL LL LL | LLL 


toOrF 


tAA 


SLLL2 : Don't care 
e Early Write Cycle (2) 


trac 
icaaanaaics emia: 


fponsncoemneorreagenedt Pm 
=a 


CAS A ate 


RAS 


twcs tWCH 


me LLL | VLDL.’ 
we LLLP ELLIO EEE 
Open is 


Dout 


"V4 : Don't care 


** twcs2twes (min) 
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e Delayed Write Cycle (3) 


o a= 
Address Vy: a BSE ALLEL WU AMELIE 


Din LLL LLL LLL LL __DIPRLLLILLLLLLLLLLLP 


* V442 : Don't care 
e Read-Modify-Write Cycle (4) 
eects trwe 
RAS 


ee 


Address =e Seoul Sle: a hmmm 


=e 
= Za MS VEZ 


Din LLLLLLLLELLLL LLL EL PRLS LL LLL LLL LL 


toFF 


Dout | trac tsb Ss 
. Gf/A : Don't care 
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¢ RAS-Only Refresh Cycle (5) 


tre 


 —— 


tcrP tapc 


address ZL ROW KYM LLL LLL LLL LLL 


Dout OPEN 
* 4A : Don't care 
** REFRESH ADDRESS: A0-A9 
(AX0-AX9) 
¢ Hidden Refresh Cycle (6) 
tac 
trp trp 


ee tRAS as tRAS tras (eae! 


tcas hal 





Dout (| Dout 5 


R 
\ 


Vip VA : Don't care 
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e CAS-Before-RAS Refresh Cycle (7) 


—_ tRAS 


ss 


address ALLL S/L LLL LLL LLL LLL LLL LLL LLL LLL 


OPEN 





Dout 


V4 : Don't care 
WE > Vin 


e Fast Page Mode Read Cycle (8) 


Ss E ag 


Address PX Row | tll 4 Column So 
V// 77) : Don't car 


© HITACHI 
Hitachi America, Ltd © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 891 





HM514100LJP/LZP-8/10/12 


e Fast Page Mode Early Write Cycle (9) 





BAS tRASC 
trp 
ni | i tcrp 
tcas 
el) 7 a (CAH 
Address 77 Pow 1K) mea DK KMMLLLLLLLL 


tWcH 


we ~ Se atind | WIZ 


Dout 7 
‘ AL LL) : Don't care 


twcs = twcs (min) 


e Fast Page Mode Delayed Write Cycle (10) 


tRasc 


RAS 


— tRWL 
CAS 
Address PX. row PD i me 5 /, Column N Sy 


we LLL aerate 
MMU, KIL. 


ZZ) : Don't care 
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e Fast Page Mode Read-Modify-Write Cycle (11) 


tRASC tap 


RAS 

= | 
/ = 
Address mt Hont ie C/, Aff JX core 2) Ik W4td,;: OZ 
rt 
eee _ 






tat, 
rt ee 
we LLL is io 


ai 


Se 


Din ~ | ae a Since cadet 


ee 
Dour Eoske Fass Rae: 
ace 
torF tOFF 
\/ ii, * Don't care 
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e Test Mode Cycle 


*3 Reset Normal 
set cycle Test mode cycle Cycle *1*3 mode 


CAS 


: 
\ 
\ 


XLLLL 


*1 CBR or RAS only refresh 
*2 LLL L : Don't care 
*3 Address, Din: Don't care 


e Test Mode Set Cycle (1) 


RAS 


aC tcrp 


ORS le eee, 
- IEE. VIII WZ 





adaress YL L/LLLLLLLLLLLLLLLLLLLLLLLLLLLL LLL LLL 


OPEN 
Dout 


Note *1 LLLL : Don't care 
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e Test Mode Reset Cycle (2) 


tre 
tRas 


RAS —_ 
ee ew 


WE ZI em = LE 
asress LLLLLLLLLLLLLLLLILLLLLLLLLLLLLLLLLLLLLL LLL LLL LL 


‘?) 
> 
” 








= Note *1 : Don't care 
° Note “1 Refresh Address AO~A9 (AXO~AX9) 


"2 LLL L : Don't care 
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e CAS-Before-RAS Refresh Counter Check Cycie (READ) 


a 
UY“ fs Yi) aE =—_ Sor 


—— a on 


Din 
lorry 


a4 WH/AAG - Don't care 


RAS 


AS-Before-RAS Refresh Counter Check Cycle (WRITE) 
RAS 


tcrp 
' 
—— eas 
CAS 


soe onal 


LEE ZLILILOX AL 
- ZIP ae WIZZ 


toss | 
Dout OPEN 
“4 LLLL2 : Don't care 
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HM514400JP/ZP-8/10/12 
4 Megabit DRAM 


1,048,576-Word x 4-Bit Dynamic Random Access Memory 


M@ DESCRIPTION 


The Hitachi HM514400 ts a CMOS dynamic RAM organized 1,048,576 
word x 4 bit. HM514400 has realized higher density, higher 
performance and various functions by employing 0.8 pm CMOS 
process technology and some new CMOS circuit design technologies. 
The HM514400 offers Fast Page Mode as a high speed access mode. 


Multiplexed address input permits the HM514400 to be packaged in HM5S514400JP Series 
standard 20-pin plastic SOJ and 20-pin plastic ZIP. 





@ FEATURES 

e Single 5V (+ 10%) 

e High Speed 
ACCESS LIMO is ca acrcivacew scenes 80ns/100ns/120ns (max.) 

e Low power dissipation HMS514400ZP Series 
—Active mode .................. 495mW/440mW/385mW (max.) 
m=eStancby MOG wisoa seduce eer eases eens 11mW (max.) 

e Fast page mode capability @ PIN OUT 

e 1,024 refresh cycles. .... dk ated wee eaeeat awe anes (16 ms) | - HM514400JP Series 

e 3 variations of refresh [ SEDEG Pm No. | 
—RAS only refresh 17 wo 


—CAS before RAS refresh 
-——Hidden Refresh 


e Test Function 


@ ORDERING INFORMATION 

























HM514400JP-8 80ns 350 mil 20-pin 
HM514400JP- 10 100ns Plastic SOJ : 
HM514400JP- 12 120ns = 
HM514400ZP-8 80ns 

H1MS514400ZP-10 100ns oa 
HM514400ZP- 12 120ns 





@ PIN DESCRIPTION 





Pin Name Function 
Aog-Aog Address Input 
Aop-Ag Refresh Address Input 
1/O,-1/O, Data-in/Data-out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
OE Output Enable 
(Bottom View) 
Vcc Power (+5V) 
Vss Ground 
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@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Unit 


-1.0 to +7.0 V 
-1.0 to +7.0 V 


Power Dissipation aS WwW 


Operating Temperature Topr 2c 
Storage Temperature T stg -55 to +125 *C 


Voltage on any Pin 
Relative to Vs 


Supply Voltage 
Relative to Vss 


Short Circuit Output Current 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 





Parameter 








Supply Voltage 






Input High Voltage 





Input Low Voltage 





[worm | ve | 0 | — | os |v 
Foes | ve | os 


NOTE: 1 All voltage referenced to Vss 





¢ DC Electrical Characteristics (T, = 0 to +70°C, Vcc = 5V + 10%, Vsg = OV) 


| HM514400-8 HMS514400-10 | HM514400-12 
symbot |_M514400-8 | 


Parameter 


Operating Current hele ie 
Standby Current Bat 


i 


N 
aN 


RAS, CAS cycling 
tro = min 


TTL Interface 
RAS, CAS = Vin 





Dout = High-Z 


CMOS Interface RAS, 
mA CAS = Vcc -02V 
Dour = High-Z 


RAS = Vin 
CAS = Vi, 1 
Dout = Enable 


OV < Vin = 7V 


OV s Vout <7V 
Dour = Disable 










= 
> 


RAS Only Refresh Current 


Standby Current 
CAS Before RAS Refresh Current Icc6 
Fast Page Mode Current Ioc7 


Input Leakage Current 


reg 

aa 
Output Leakage Current iais 
aa 

| You 


N 
3 3 3 = 
> > > 2. 





>| > 


High Ioue = -SMA 
Low lout = 4.2mMA 


Output High Voltage 2.4 


NOTE: 1 Icc depends on output load condition when the device 1s selected, Icc max 1s specified at the output open condition 


Q 


ols nr tN < 
5 ne’ ~ 
N 

‘p 

< wd | a ~ ~ <= 
elf ae ° ~ eis 


o 
za 


Output Low Voltage 


2 Address can be changed once or less while RAS = ViL 
3 Address can be changed once or less while CAS = Viy 
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e Capacitance (T, = 25°C, Vcc = 5V + 10%) 


Parameter Typ. Max. Note 
Input Capacitance (Address) Cy [| oo 
Input Capacitance (Clocks) Cp oe ae Ge a ee 1 
Output Capacitance (Data-in, Data-out) | Gy | —- | 


NOTE: 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 


2 CAS = Vyx to disable DouT 


¢ AC Characteristics (T, = 0 to 70°C, Voc = SV + 10%, Vsg = OV) |. 44, 15, 16 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 


HM514400-8 HMS14400- 10 HMS514400- 12 
X. 


Unit | Note 





Parameter Symbol Min. | Max. | [Mim | Max. | Min. | Max. | ak 
Random Read or Write Cycle Time trc re 210 | — | os | 
RAS Pa Wi Tims [80 | ooo [00 [om [a0 [0000 | 
TAS Pave Wit cas | 25 | wooo | 25 | 0000 | 30 | 000 | ms 
Column Address Hold Time tcAH pis fo foe ss 
RAS to Column Address Delay Time | tra | 7 [| 40 | 2 | 55 | 2 | 65 | os | 9 
Transition Time (Rise and Fall) 7 
Rete Pei Pee = fe) we ee Loe 
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@ READ CYCLE 


Parameter 


Access Time From RAS 

Access Time From CAS 

Access Time From Address 

Access Time From OE 

Read Command Set-up Time 

Read Command Hold Time to CAS 
Read Command Hold Time to RAS 
Column Address to RAS Lead Time 
Output Buffer Turn-off Time 
Output Buffer Turn-off to OE 

CAS to Dyy Delay Time 


@ WRITE CYCLE 





Parameter 


Write Command Set-up Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-in Set-up Time 

Data-in Hold Time 





| 
ee ee ae - 
pic | = | | = | wm | = | wo | ws | 230 
ee ee ee ee ee 
Ace eae Be eS 3,5, 13,16 
the Ne ee a) 
Ee ee ee ee ee 
ee ee ee ee 
ee ee ee ee eee 
CE a a ee 
ee ee ee ee ee 
| tome | 0 | 2m | @ | 2 | o | 3% [ow] s 
ae Sea ee ee ee eee 
HS HA00-8 
Note 


Max. Min. 


< 
5 


10 


nr] Gm 


—) 


oO 


71) 


- = ~- > 
cli |e |ols |Z 
= ile lz i6 
els 
wn Loy 
nN nN bo bho nN 
bho ive) Ww NO N 
om 
oo} 
=. 


@ READ-MODIFY-WRITE CYCLE 


Parameter 


Read-Modify-Write Cycle Time 
RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 
OE Hold Time From WE 


™@ REFRESH CYCLE 


Parameter 


CAS Set-up Time 
(CAS Before RAS Refresh Cycle) 


CAS Hold Time 
(CAS Before RAS Refresh Cycle) 


RAS Precharge to CAS Hold Time 


900 


{csr 


{CHR 


trec 


[mit be ae | | oe 
| tewe | 20 | = fos |= 8s Pos 
two | wo | = | es | = | w | = | os | 
| two | ss | = | o | = | w | = | s | w 
| two | 7m | = | | = | % | = [ws | 0 
|toe | 2 | = | 3 | = | » | = | | 

| 
Max. Mn | Mx || 
tere 
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HM514400JP/ZP Series 


@ FAST PAGE MODE CYCLE 


a Ls | 
a 


Note 


Fast Page Mode CAS Precharge Time tcp 


Fast Page Mode RAS Pulse Width | trasc | — | 100000 | 
Access Time From CAS Precharge 
RAS Hold Time From CAS Precharge | truce | 50 | — | 


Fast Page Mode Read-Modify-Write 
Cycle Time 


@ TEST MODE CYCLE 

















Parameter 


Asnaoo | 
Pees oe a 
i (ee 


min [Man 
Co | - [w= 
| = fe 





Test Mode WE Set-up Time 
Test Mode WE Hold Time 










mM COUNTER TEST CYCLE 







Parameter 


HM514400- 10 HMS514400-12 
Pex | Min | Max | in| 


2 Assumes that tpcp <= trcp (max) and trap S tRAD (max) If trcp or traD 3s greater than the maximum recommended value shown tn this table, trac exceeds the 
value shown 


CAS Precharge Time in Counter 
Test Cycle 





NOTES: 1 AC measurements assume tt = 5ns 


Measured with a load circuit equivalent to 2TTL loads and 100pF 

Assumes that tpcp 2 tRCD (max) and trap = trap (max) 

Assumes that tpcp <S trcp (max) and trap = tRApD (max) 

toFF (max) defines the time at which the output achieves the open circuit condition and 1s not referenced to output voltage levels 


Vin (min) and Vii (max) are reference levels for measuring timing of input signals Also, transition times are measured between Viy and VIL 


oT DH A & W 


Operation with the trcp (max) limit insures that trac (max) can be met, tpcp (max) 1s specified as a reference point only, if tpcp 1s greater than the specified tpcp 
(max) limit, then access time 1s controlled exclusively by tcac 


9 Operation with the trap (max) limit insures that trac (max) can be met, tRap (max) 1s specified as a reference point only, if trap Is greater than the specified trap 
(max) limit, then access time 1s controlled exclusively by taa 


10 twcs, tRwp, tcwp and tawp are not restrictive operating parameters They are included in the data sheet as electrical characteristics only if twcs = twcs (min), the 
cycle 1s an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle, if tRwp = tRwD (min), tcwp 2 tcw> nin) 
and tawp = tawD (min), the cycle 1s a read-modify-write and the data output will contain data read from the selected cell, if neither of the above sets of conditions 1s 
satisfied, the condition of the data out (at access time) 1s indeterminate 


11 These parameters are referenced to CAS leading edge tn an early write cycle and to WE leading edge in a delayed write or a read-modify-write cycle 
12 trasc defines RAS pulse width in fast page mode cycles 
13 Access time ts determined by the longer of taa Or (CAC OF tACP 


14 An initial pause of 100 ps 1s required after power up followed by a minimum of eight initialization cycles (RAS-only refresh cycle or CAS-before-RAS refresh cycle) If 
the internal refresh counter 1s used, a minimum of eight CAS-before-RAS refresh cycles ts required 

15 In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device 

16 Test mode operation specified in this data sheet 1s 8-bit test function controlled by control address bits—CAO This test mode operation can be performed by 
WE-and-CAS-before-RAS (WCBR) refresh cycle Refresh during test mode operation will be performed by normal read cycles or by WCBR refresh cycles When the 
state of eight test bits accord each other, the condition of the output data is high level When the state of test bits do not accord, the condition of the output data 1s low 
level Data output pin 1s [/O3 and data input pin 1s [1/02 In order to end this test mode operation, perform a RAS-only refresh cycle or a CAS-before-RAS refresh 
cycle 


17 Ina test mode read cycle, the value of trac, tad, toac and tacp 1s delayed for 2ns to Sns for the specified value These parameters should be specified in test mode 
cycles by adding the above value to the specified value in this data sheet 
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HM514400JP/ZP Series 


@ TIMING WAVEFORM 


e Read Cycle 


RAS 


CAS 


Address 


e Early Write Cycle 


902 


RAS 


CAS 


Address 
WE 


Din 
Dout 


aD 
re) 


tcrp 


tosH 


ee 
i 


NEC 
iF 
\ 
AR 


ly LLL 
Amine fon eae 
JLLLLLLLLLL LL rie: RL 
—- 
= TTL 
VLLLLLLLLLLLLLLLLLLL Al 
: Don't care 


| Pane 


tcsH ea 


Zr __ ae QLLLLLLL LP 


nal ema 





MLLLLLLLLLLLLDA__ RLLLLLLLLUMML 


: Don't care 


ee : Don't care 
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¢ Delayed Write Cycle 


tac 


=e se pa at 

Address ““““PK pow A a a ey 
WE LLL zzz 
Din ene Poe Cm KCL 

_ tozo toeH 

OE ee aang KLLLLLLLLL LL 


‘VY : Don't care 





e Read-Modify-Write Cycle IRC 
ic tr 5 
address ZZ PEs sit LL 


Le 
He 


Hare 


we LLL Ne CO WWI 


=a 
DN YY LL LLLL LD RO RYLLLLILLL LLL LL 
5 Oe hee 


Dout 
tozo topo foeH 
cE | LLL LiL 
: : Don't care 
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e RAS Only Refresh Cycle 


tcrp _ trp 
sent | 
address 77x am SY CLM LLL LLL 
Dout CS ee ee Oe ee 
e Hidden Refresh Cycle 


=e tras | (tras tas, | 
= re 


eis sb 
tasR 
~ PE 


Address “mall VLLLLLLLLLL {1 Ke 


tcas | 





Ei mas 
|| 
We ve pines — RL 
ee maa torr 1 
Dout 7 ae ed Dout + 
Din 77 
Cf LLL MLLLLL 1 


“4 LLL Don't care 
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¢ CAS Before RAS Refresh Cycle 


RAS 


CAS 








Mddtess YY LLL LLLLLL LLL LLL LLL LLL LLL LLL LLL LLL LLL 
seat OPEN 
. LA Don't care 


e Fast Page Mode Read Cycle 


“ns a = 
FET | af 
Dkerrigs 3 U3 Cilla 


, 
Address Y, (P hy, } LLL LLL 2 
Tey ite = 
te UT | 
= K Yi GY 


Pe (pts 





= 
\ 
N 
é \ 
QQ 
fd 


\ 
—K 
F 


Ba 
et | ca 
Dout { Dout a qf Dout | 
OAC tooo 
LPs] L. 
- LLLLLLDs| LLLLLL Ls 


toac 


i LLL) . Don't care 
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e Fast Page Mode Early Write Cycle 


Address // ei. OMe YOK aD NEE 
we ULE sao 1 | WIL 
Din LLLLLLL LD _ © JRL” _ PROD _IPKLLLILLZ”Z__ 


High-Z 





RAS 


C 


> 
w” 


Dout 


* OE : Don't care 


i: 1 L) : Don't care 


e Fast Page Delayed Write Cycle 
a ee —— = 


ne tcas ae =e 
| a re 
Address Big 2 


am 


Bin 3 Soc 


Dout 


> 
) 


=e LIL 


LLL : Don't care 
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e Fast Page Mode Read-Modify-Write Cycle 


trasc i 
RAS 
| tpcm 
as | 
tasR 


Address ZRUK Tel el LiL a 


b tcwo 

we ZF a of As YL 
tozb | | teac| tos 

Z| eS OX KG 


Dou T pout fp 
* eet Ss 
ZIMA |, Sh Al, a 


LLL * Dont care 
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e Test Mode Cycle 


3 Reset Normal 
set cycle Test mode cycle Cycle *1°3 mode 


. 4 WRAL 
ae 


CAS 


LiL 


*1 CBR or RAS only refresh 
*2 CLL : Don't care 
*3 Address, Din, OE Don't care 


° Test Mode Set Cycle 


24 


RAS 
Be te tRas 
CAS ll eee, 


dttbt le Zo Vo WL xxzZZ_! 


mil 
m 


Address AYLI LIL LLL LLL LL LLL LLL LLL LLL 


Note *1 LLL : Don't care 
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e Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 


RAS 


CAS 





Address LLYLLLLLLLLLLLLLLLLLL LLL LLL LL LLL LLL LLL LLL 


OPEN 
Dout 


Note *1 LLLL : Don't care 
e¢ RAS Only Refresh Cycle 


RAS tras 


tcrp 


aS LL ||, LLL 
nasess. LLM 2 a 
Dout OPEN 


*9 LLL b : Don't care 
e CAS Before RAS Refresh Counter Check Cycle (Read) 


RAS : 
tcsr 
ors JAC 


tr. [| 
a 
Ai LLLLLLLLLL LL LLL IRLLIGLLLLLI”L 


read elas 


we ZI he Zz 
es 


toss 
MLLLLLLLLLLLLLLLLL LL Lo BULL LL 
“ Dacre 





O 
m 
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HM514400JP/ZP Series 


e CAS Before RAS Refresh Counter Check Cycle (Write) 


trp 
RAS | 
tcrP 
tcsr 


os 


Ai ee LLL 
aE oe 7" WILLE 


toss [| oe 
| eee ans. 


OPEN 


Dout 


OE 
: Dont ca 


@ 4M DRAM LOW POWER VERSION 


The specification on the low power version is the same as the standard 4 mg DRAM with the exception of the 
following parameters. 


Type No. 


HMSI4100LJP/LZP 


RAS, CAS, WE = Vcc - 0 2V 





Iec2 Other Pin = Vcc - 0.2V or < 0.2V 
(Standby CMOS Interface) (Address and Dyn is Stable) eae 
Dout: High-Z 
trc = 125us, tras S lus 
Iccio Viti 2 Vcc - 9.2V, Vit = 0.2V 300A max 
(Standby with CBR Refresh) WE and OE = Vy, Address and D,, 1s Stable 
Dour’ High-Z 
Refresh 128ms 
(REF 


*only for 1M x 4 


910 
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H M51 441 OJ P/ZP-8/1 0/1 2 — Preliminary 


1,048,576-Word x 4-Bit Dynamic Random Access Memory 


M@ DESCRIPTION 


The Hitachi HM514410 is a CMOS dynamic RAM organized 
1,048,576 word x 4 bit. HM514410 has realized higher density, 
higher performance and various functions by employing 0.8 um 
CMOS process technology and some new CMOS circuit design tech- 
nologies. The HM514410 offers Fast Page Mode as a high speed 
access mode. 

Multiplexed address input permits the HM514410 to be packaged 
in standard 20-pin plastic SOJ and 20-pin plastic ZIP. HM5SI4410ZP Series 


M@ FEATURES 


e Single 5V (+ 10%) 

e High Speed 
ACCESS: TMC hha on Ka ah ee twaie ees 80/100/120ns (max.) 

e Low Power Dissipation 
Active Mode ...............0000- 495/440/385mW (max.) 
Standby Mode............. 0c cece eee ees 114mW (max.) 

e Fast Page Mode Capability 

e 1,024 Refresh CycleS....... 0.0... ccc eee ee (16ms) @ PIN OUT 

e 

: “RAS Only Refresh HM514410JP Series 

CAS-Before-RAS Refresh 
Hidden Refresh 

e Test Function 


HMSI14410JP Series 


(CP-20D) 





° Write Per Bit Capability GEGEE or No. | 
™@ ORDERING INFORMATION winor 1]]1 26 
: 2 25/1] 19 wa4/lo4 
Part No. Package WBEWE 24 W3/103 
HM514410JP-8 350 mil 20 pin RAS 23 CAS 
HM514410JP-10 Plastic SOJ 22 OE 





HM514410JP-12 (CP-20D) 
HM514410ZP-8 400 mil 20 pin 18 A8 
HM514410ZP-10 Plastic ZIP A7 
HMS514410ZP-12 (ZP-20) AG 
A5 
@ PIN DESCRIPTION A4 
Pin Name Function 
Ag ~ Ag Address Input 
Ag ~ Ag Refresh Address Input 
W ,/IO,-W,4/104 | Write Select/Data-In/Data-Out 
RAS Row Address Strobe OE 
CAS Column Address Strobe msio3 
WB/WE Write Per Bit/Write Enable oe 
OE Output Enable 
Vec Power (+5V) 
Vss Ground 
(Bottom View) 
© HITACHI 
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HM514410JP/ZP-8/10/12 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Unit 
Voltage on Any Pin Relative to Vgx Vr V 
Supply Voltage Relative to Vg Vcc V 
Short Circuit Output Current Lut mA 


Power Dissipation Py 


Operating Temperature T, °C 
Storage Temperature T stg -55 to +125 ge 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 


wn io) 
- s 
-— 


Parameter | _ Symbol 
Sagan Nei —————————— 
i 
InpueHighVolage | ——Ss|~SMm | 24 | — | 6s |v | 
vmput ow Votage (OPH) | Yn | 10 | — | os |v [1 
(Others) | Vn | -20 | —~ | 08 [| vi {1 
NOTE: _ 1. All voltage referenced to Vss. 
@ DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = SV + 10%, Vss = OV) 
Parameter Symbol Test Conditions Unit | Note 


oy 
j=) 


Operating Current Icc; | RAS, CAS Cycling tp = Min. 


Max 
TTL Interface RAS, CAS = Viz, 


Standby Current ec 
CMOS Interface RAS, CAS = 1 


—_ 
N 


i) 


ws 
— 


Standby Current 


RAS-Only ae 


Dour = Enable p= 


CAS-Before-RAS I ee 
Refresh Current CC6 RC ~ : 


Fast Page I 
Mode Current cC7 


— 
Ww 


tpc = Min 


~ ~ > > 


1 
1 


3 3 3 3 3 3.4/8 
> > > > > > (> 
nN 


— 
Q 
a 


Input Leakage Current lu OV < Vin = 7V -10 pA 
OV < Vour < 7V, ; - 

Output High Voltage Vou | High Ioyr = -5 mA 2.4 aT Nee 

Output Low Voltage Low Ipyp = 4.2mA | o | 04 | o | 04 | o | 04 


NOTES: _ 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vj. 
3. Address can be changed once or less while CAS = Vin. 
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HM514410JP/ZP-8/10/12 
™ CAPACITANCE (T, = 25°C, Voc = 5V + 10%) 


Input Capacitance (Address) oe oo oe 
Input Capacitance (Clocks) Cp ae a ae ee ee 1 
Output Capacitance (Data-In, Data-Out) | Cw | — | 


NOTES: _ 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vix to disable Dour. 


M@ AC CHARACTERISTICS (T, = 0°C to 70°C, Veco = 5V + 10%, Vsg = OV) (), (4), (5), 16) 
e Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 





HMS514410-8 | HM514410-10 | HM514410-12 
Parameter Uae. Max. Note 
Random Read or Write Cycle Time | tre | 50 | — | 10 | — | 20 | — | os | 
RAS Pulse Width | teas | 80 | 10000] 100 | 10000} 120 | 10000] ns | 
AS Pulse Width 0000 | as | 
Row Address Setup Time | tose | 0 | — | o | — [| © | — [os | 
Row Address Hold Time tan | 2 | — | & | — | 56 | — | os | 
Column Address Setup Time | tasc | 0 | — | o | — | o | — | os | 
Column Address Hold Time | tern | 15 | — [| 20 | — | 25 | — | os | 
RAS to Column Address Delay Time | trap | 17 | 40 | 20 | 55 | 20 | 65 | ns | 9 
CAS Hold Time | tose | 80 | — | 100 | — | vo | — | os | 
Transition Time (Rise and Fall) | tr | 3 | 50 | 3 [| so | 3 | 50 | ns | 7 
e Read Cycle 
HM514410-8 | HM514410-10 | HM514410-12 
pani Min. | Max. | Min. | Max. | Min. | Max. a noe 
Access Time from RAS | trac | — | 80 | — | 00 | — | 120 | ns | 2,3, 17 
Access Time from CAS “tcae | — | 2s | — 125 | — | 30 | 134807 
Access Time from Address taa | — | 40 | — | 45 | — | 55 Pons 3,5, B, 16, 17 
Access Time from OE tomes [nce | ae ol = 1 28e|| ceee 30 17 
Read Command Setup Time tees | 0 | — [| 0 | — | O | = | os | 
Read Command Hold Time to CAS | tre | O09 | — | o9 | — | o | — | os | 
Read Command Hold Time to RAS | tern | 10 | — | 0 | — | 0 | — | os | 
Column Address to RAS Lead Time tear, | 400} aS fee 55 Pong | 
Output Buffer Turn-Off Time | torr | 0 | 20 | 0 | 25 | 0 | 30 | os | 6 
Output Buffer Turn-Off to OE | torr: | 0 | 20 | o | 25 | o | 30 | os | 6 
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HM514410JP/ZP-8/10/12 


e Write Cycle 


HMS14410-8 | HM514410-10 | HM514410-12 
Parameter Min. Max. Unit Note 
Write Command Setup Time | twes | 0 | — | o | — | o | — | os | 10 
Write Command Hold Time | twen | 5 | — | 20 | — | 25 | — | os | 
Write Command Pulse Width | twe | i | — [| 20 {| — | 25 | — | os | 
Write Command to RAS Lead Time | tewe | 25 | — | 25 | — | 30 | — | ns | 
Write Command to CAS Lead Time | tow, | 25 | — | 25 | — | 30 | — | os | 
Data-In Setup Time mo he oO Le 1 bee 
e Read-Modify-Write Cycle 
HMS514410-8 | HMS514410-10 | HM514410-12 
eee ee Min. ; Max. | Min. | Max. | Min. | Max. ie 
Read-Modify-Write Cycle Time | tewc | 210 | — | 245 | — | 285 | — | ns | 
RAS to WE Delay Time Mea id = es) =o = a) 
CAS to WE Delay Time two | 55 | — — | 7 | — | ns 10 
Column Address to WE Delay Time 70 | — | so | ~ | 95 | — | as | 10 
OE Hold Time From WE oni Se OO ee 


¢ Refresh Cycle 


H 
Pa t Symbol Unit | Not 

Poe ome Min. | Max. | Min. . id 
CAS Setup Time 
(CAS-Before-RAS Refresh Cycle) 'CSR pw | - | wo] - 
CAS Hold Time 
(CAS-Before-RAS Refresh Cycle) } ton | 20] — | 20] —— 
RAS Precharge to CAS Hold Time | tepec | 10 | — | 1 | — | 
CAS Precharge Time (Normal Mode) | topn | 10 | — | 0 | — | 


e Fast Page Mode Cycle 


Biel els 
pe) 


p : Sirbol HM514410-8 HMS14410- 10 HMS14410-12 Unit | Note 
arameter m ni O 
Max. | Min Min, | Max 


Fast Page Mode Cycle Time | tee | 55 | — | 55 | — | 65 | 
Fast Page Mode CAS Precharge Time | tcp | 1 | — | po | 
Fast Page Mode RAS Pulse Width trASC | — — | 100000] 
Access Time From CAS Precharge | tacp | — | 50 | 
RAS Hold Time From CAS Precharge | teycp | 50 | — | 50 | — | 

fee eee 


Fast Page Mode Read-Modify-Write 
Cycle Time 


CAS Precharge to WE Delay Time | tcepw | 80. | 


¢ Test Mode Cycle 


— 
Ww 
ele 
& 
a 


Min. | Max. Max. | Min. | Max. 
Text Mode WE Setup Time | ws | 0 | — | 0 | — | 0 | — | = 
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HM514410JP/ZP-8/10/12 


e Counter Test Cycle 







Parameter 









CAS Precharge Time 
in Counter Test Cycle 


e Write Per Bit (18), (19) 


Parameter Symbol 
Max. 


Write Per Bit Setup Time | twes | 0 | — | oO | 
Write Per Bit Hold Time | twee | 2 | — | bo | — [| 65 | 
Write Per Bit Selection Setup Time | twos | 0 | — | 0 | 
Write Per Bit Selection Hold Time | twor | 2 | — | Bb | 


NOTES: 1. AC measurements assume tr = 5ns. 
2. Assumes that tpcp < trcp (max.) and trap < trap (max.). If tacp or trap is greater than the maximum 
recommended value shown in this table, trac exceeds the value shown. 
. Measured with a load circuit equivalent to 2 TTL loads and 100pF. 


3 

4. Assumes that tpcp = trcp (max.) and trap S trap (max.). 
5. Assumes that tpcp = trcp (max.) and trap = trap (max.). 
6 


. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage leveis. 
7. Vin (min.) and Vy, (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Viy and Viz. 
8. Operation with the trcp (max.) limit insures that trac (max.) can be met, trcp (max.) is specified as a reference 
point only, if tpcp is greater than the specified trcp (max.) limit, then access time is controlled exclusively by tcac. 
9. Operation with the trap (max.) limit insures that trac (max.) can be met, trap (max.) is specified as a reference 
point only, if trap is greater than the specified trap (max.) limit, then access time is controlled exclusively by taa. 
10. twcs, tpwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs = twcs (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tpawp = trwp (min.), tcwp = tcwp (min.) and tawp = 
tawp (min.), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 
11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed 
write or a read-modify-write cycle. 


12. trasc defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of taa or tcac or tacp. 


14. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS-only 
refresh cycle of CAS-before-RAS refresh cycle). If the internal refresh counter is used, a minimum of eight 
CAS-before-RAS refresh cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits—CAO. This 
test mode operation can be performed by WE-and-CAS-before-RAS (WCBR) refresh cycle. Refresh during test mode 
operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the 
condition of the output data is low level. Data output pin is I/O3 and data input pin is I/O2. In order to end this test 
mode operation, perform a RAS-only refresh cycle or a CAS-before-RAS refresh cycle. 


17. In a test mode read cycle, the value of trac, tcac, taa, toac and tacp is delayed for 2ns to 5ns for the specified 
value. These parameters should be specified in test mode cycles by adding the above value to the specified value in 
this data sheet. 


18. When using the write-per-bit capability, WB/WE must be low as RAS falls. 


19. The data bits to which the write operation is applied can be specified by keeping W1/IO;, W2/IO2, W3/IO3 and W4/ 
104 high with setup and hold time referenced to the RAS negative transition. 
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HM514410JP/ZP-8/10/12 


@ TIMING WAVEFORMS 
¢ Read Cycle (1) 


trac 


RAS 


tT 


eae 
= 
ose 


Address fr E Row KYL on jo ce oo 


ES tCAH 


wawe LLL. ze vn ZZ 
—s 


Ww1/l01 i ——— 2 mi 
W4/104 pf, IL, — _ “Uy 
CLL —— 


4 


“V//4Z4) : Don't care 
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HM514410JP/ZP-8/10/12 
e Early Write Cycle (2) 


RAS 





we Dee ea 


twps 


a Din AT Mask KYYL//Y ae. QLLLLLL LLL 


W4/104 





O 


* OE : Don't care 


: “V/A : Don't care 


N 
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e Delayed Write Cycle (3) 


RAS 
CAS 


Address 


Ww1/101 -_ 


W4/104 
Dout 


_ tRSH parecer 


ae 


a =e a 


rE, a OM 


t toeH 
DZO 





Cnvaidy 
OE —< LMLMLLLLLLLLLL LL 


. CLKIP : Don't care 
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e Read-Modify-Write Cycle (4) 


trwc 
RAS aoe 
tT a tcrp 
__ tRcb 
ji 
Address Yys He WEE Column SILL L 2 VIL ITI thy Wh jb 





sf 
‘i 


ise oe 7 
WB, WE CK WZ. MLLLLLLLLLL 


pee 
te PE 


“— pin 7/Ae Mask KA inn a KRSLLLLLL LL 


valde, Hi-Z 





“Uy 
. ALLL : Don't care 


CE LLLLLL/LWILLI 
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e RAS-Only Refresh Cycle (5) 


= 
'CRP tcrp 


= a 
as ZZ Lh LIL 


tasr tRAH 


address ZZ Row KY III LLL LLL LL LLL 


W1/l01 Dout Hi-Z 


, WE : Don't care 


Gf 4) : Don't care 


** REFRESH ADDRESS: A0-A9 
(AX0-AX9) 


+ 
ml 
m 


W4/104 


\ 


e Hidden Refresh Cycle (6) 


tre tre tre 


tap 


tras eee eg AS a a a 


CAS 





Srieie Deu — SSE 
OFF 2 
| | [2008 
W4/104] ... 
Din V4 tpzo 


toac 05 KZ 


"4 ALLL : Don't care 
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e CAS-Before-RAS Refresh Cycle (7) 


tre tre 
trp tRAS tRAS 


RAS E d 
trp | trp 
tour trec tcuR 
tcsrR | tcrp 


a 
oe yo 





Adstess AWM LLL LL LLL LLL LLL LLL LLL LLL 
- Dout “WP = Le eee 
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HM514410JP/ZP-8/10/12 
e Fast Page Mode Read Cycle (8) 


RAS 





tr 
trop 
tons Pos os, fT 


oR a. tel. ot 
|__| trap 
“0 L a 
i aa 


Address //X gy Row KYPX col. K//PXL Col.) Col, aa 


trcs 


re 


ALT] ech 
acl Set ie 






wilt Din AAAS A/S 77 — Es hs AE 7 
| = tcac ne 

toFFi 
a 


tor 
W4/l04 Dout - hem 
ae topp es torre 
— 'oz0 sti 
OE 
bs 


Lies 


*V////) : Don't care 
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HM514410JP/ZP-8/10/12 
¢ Fast Page Mode Early Write Cycle (9) 





tRASC 
RAS 
t \ tcsSH tpc tRSH trp 
ee top tcRP 
aes eectanes Peal {Cas 
ie i‘: a 
> C/ - L/ 4 





ram zie Dy, ial _ WZ 
em =a ona 


W4/104“ Dout Hi-Z 


* OF : Don't care 


* LLL : Don't care 
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e Fast Page Delayed Write Cycle (10) 


trRasc 


RAS 


CAS 


Address r L/ GILL LLL 1 





WLLL LL 


WB/ WE 
twp 
tbH 
—“ XDX on XL 
tOEH | 
W4/104 Dout Hi-Z 
OE 


LLL 2 : Don't care 
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e Fast Page Mode Read-Modify-Write Cycle (11) 


tRP 


tRasc i 
RAS 


| tec 
tasR C 





wi/lo1 -Dout 7 Op VA y 
AA tpzo 
| | toac = toac | torre {oEH 
ae faz J 
W4/lO4 Din HI-Z Lg : HI-Z {Dout HI-Z 


o 
OE AY a on (ns 


* LLL : Don't care 
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e Test Mode Cycie 


*3 Reset Normal 
set cycle | Test mode cycle Cycle *1*3 mode 
= wr 
CAS 
er 
LLLL 





WB/ WE SAL 


*1 CBR or RAS only refresh 
*2 (LLLL : Don't care 
*3 Address, Din, OE : Don't care 


¢ Test Mode Set Cycle (1) 


rife : 





adaress L///L/LLLLLLLLLLLLLLLLLLLLLLLLL LLL LLL LLL LLL 


torFt 


me Dout ////// PD ae 


W4/104 Note *1 122A: Don't care 
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e Test Mode Reset Cycle (2) 


Tas 


tcPN 


a 
> 
op) 


CAS 


WB, WE i QMLLLLLLL QGLLLLLLL LL 2 
Address 
wilo1 Dout “A/D “ 


Note *1 LLLL : Don't care 


W4/104 





e RAS-Only Refresh Cycle 


GS LLL oof fet / 
address L////////L eae LLL 
| Note “1 Refresh Address AO~A9 (AXO~AX9) 
W4/104 *2 : Don't care 
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e CAS-Before-RAS Refresh Counter Check Cycle, (READ) 


trp 
RAS | 


tcsr 
oFS A ra 


= 
Al II ae 


{RCH 


weve III ae 4 
oh ne" = 


Ne 
a a, topo 


CB ALLLLLLLLLLLLLLLLLL "Wn 


ne 
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e CAS-Before-RAS Refresh Counter Check Cycle, (WRITE) 


RAS 


CAS 


tcRp 
she 
set 


: 


pean ee 


IL TILLY LILO es A 
LLL CA zm LLL 
LAKE” 


LLLLLLLLLLLLLL LLL LL wie YY LLLLLLLLLLLL 2 
am : Don't 
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H M51 4400LJ P/ LZP -§/ 1 0/ 1 2 Low Power Version 


1,048,576-Word x 4-Bit Dynamic Random Access Memory 


@ DESCRIPTION 


The Hitachi HM514400 is a CMOS dynamic RAM organized 
1,048,576 word x 4 bit. HM514400 has realized higher density, 
higher performance and various functions by employing 0.8 um 
CMOS process technology and some new CMOS circuit design tech- 
nologies. The HM514400 offers Fast Page Mode as a high speed 
access mode. (CP-20D) 

Multiplexed address input permits the HM514400 to be packaged ; 
in standard 20-pin plastic SOJ and 20-pin plastic ZIP. HMS514400LZP Series 


@ FEATURES 


e Single 5V (+ 10%) 
e High Speed 
Access TiM@. ......... 0. ccc eee ees 80/100/120ns (max.) 
e Low Power Dissipation 
Active Mode .............. 00000 495/440/385mW (max.) (ZP-20) 
Standby Mode..............0cc cece cease 11mW (max.) 
e Fast Page Mode Capability 
e 1,024 Refresh Cycles......... 0.00. cc cece eee eee (16ms) m@ PIN OUT 
e 3 Variations of Refresh HMS5I14400LJP Series 
RAS-Only Refresh 
CAS-Before:RAS Refresh 
Hidden Refresh rare et 
e Test Function Der tale ee 
¢ Battery Back Up Operation | 
1 26 
M@ ORDERING INFORMATION 25 


. 


23 
350 mil 20 pin 22 

Plastic SOJ 
(CP-20D) 


400 mil 20 pin 
Plastic ZIP 
(ZP-20) 


HMS514400LJP Series 


















Package 





HMS514400LJP-8 
HM514400LJP-10 
HM514400LJP-12 


HM514400LZP-8 
HMS514400LZP-10 
HMS514400LZP-12 





@ PIN DESCRIPTION 


Pin Name Function 

Ap ~ Ag Address Input 

Ag ~ Ag Refresh Address Input 

1/O,-1/O4 Data-In/Data-Out 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 
OE Output Enable 
Vcc Power (+5V) 
Vss Ground 


(Bottom View) 
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@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Unit 
Voltage on Any Pin Relative to Vsg V 
Supply Voltage Relative to Vss V 
Short Circuit Output Current mA 
Power Dissipation Ww 
°C 
°C 


Vr 
Vcc 
Py 

T 
T M 


i) 
S 


Operating Temperature 
Storage Temperature 


al 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


Parameter 
Vv 
V 
V 
V 


=< 


Nin 
in| in| O| 8 


Unit Note 


N| 
hin 


5.0 


Supply Voltage —{s— 
Eo 


Min. Typ. 
SS 
CC ; 
Input High Voltage 1H 
IL : 
Vit 


ua 
° 


I/O Pi | 
Input Low Voltage \ » ee 
(Others) | Van 


NOTE: 1. All voltage referenced to Vss. 


| 
N 
© 


. 


™@ DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V + 10%, Vsg = OV) 








i Reet eoieartat HMS514400-8 HM514400-10 | HM514400-12 <j x 
rameter mbo est Conditions mit ote 
- Max. | Min. | Max. | Min. | Max. 

TTL Interface RAS, CAS = Vy, 
Standby Current Ic, | CMOS Interface RAS, CAS and 

WE = Voc -0.2Vor < 0.2V, 

Address and D,,: Stable, 200 200 200 pA 

Dour = High-Z 
RAS-Only oes 
snow ie (Rem [= [=P [Ts [a 
CAS-Before-RAS saat 
Fast Page Saar 
ee Lae Vcc -0.2V < Viq < 6.5V, 
Ss ened with CBR WE and OE = Vj, Address and 

D,,: Stable, Do, = High-Z 
Input Leakage Current, |u| OV = Vin = 7V | -o | 0 | -0 | wo | -10 | 0 | nA 

OUT => 
: 


< 
Q 
QO 
nN 
_ 
< 
Q 
QO 
mt 
> i) 
< 
QO 
QO 


Ih 

ILo 
Vou 
Vo 


Output High Voltage | Vou _| High Ioy7 = -5 mA 2.4 : 


NOTES: _ 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 
2. Address can be changed once or less while RAS = Vj. 
3. Address can be changed once or less while CAS = Vjq.- 
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@ CAPACITANCE (T, = 25°C, Voc = SV + 10%) 


Parameter Not 
Input Capacitance (Address) a a ae ea ae 1 
Input Capacitance (Clocks) Cp | oo |p 1 
Output Capacitance (Data-In, Data-Out) | Cyo | — | 0 | pF | 2. 


NOTES: _ 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vj to disable Dout. 


@ AC CHARACTERISTICS (T, = 0°C to 70°C, Veco = SV + 10%, Vsg = OV) (), (14), (5), (16) 
e Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 
HM514400-8 | HM514400-10 | HM514400-12 


Ss 


pene! eyes n Min. | Max. | Min. | Max. New 
Random Read or Write Cycle Time R | — | | — | 20 | — | 
RAS Precharge Time a | — | so | — | 
RAS Pulse Width 10000 | 120 
CAS Pulse Width 10000 10000 10000 
Row Address Setup Time 
Row Address Hold Time 


Column Address Setup Time 
Column Address Hold Time 

RAS to CAS Delay Time 

RAS to Column Address Delay Time 
RAS Hold Time 

CAS Hold Time 

CAS to RAS Precharge Time 

OE to Dyn Delay Time 


slelz leis le le le le le le 
nA i> 1M [Pr Ia aA I|> I> 15 16 
“iby io jt [QO |e [12 ln |& 


tO to i) N rn <= 
N LN, NI ty Nl Sisal sa 


WM a} ~ 
WiNs] Ns] dD — Ww 


= 

cm) 

— 

nN 

can) 

7, ON 
sa 
i} 
port 
\O | oo 


g 


sa him 


OE Delay Time From Dry oe Oey 

CAS Set-up Time From Dyy | 0 | | 0 | 

Transition Time (Rise and Fall) q 

Refresh Period ns | — | ps | — | ps 
¢ Read Cycle 

HMS14400-8 | HM514400-10 | HM514400-12 
pene Min. | Max. | Min. | Max. | Min. | Max. ee 

Access Time from RAS | trac | — | 80 | — | 100 | — | 120 | ns | 2,3, 17 
Access Time from CAS | teac | — | 25 | — | 25 | — | 30 | aos | 3,4, 13, 17 
Access Time from Address taa ee 40 | — | 45 | — | 55 | ns | 3,5, B, 16, 17 
Access Time from OE | toac | = 25 Se 2S er ars 

Read Command Setup Time | tees | 0 | — | o | — | 0 | — | os | 

Read Command Hold Time to CAS | tron | O | — | oO | ~ | oO | — | os | 18 
Read Command Hold Time to RAS | ters | 10 | — | 0 | — | 10 | — | os | 18 
Column Address to RAS Lead Time | tran | 40 | ~— | 45 | — | 55 | — | os | 

Output Buffer Turn-Off Time | torr | 0 | 20 | 0 | 25 | O | 30 | ns | 6 
Output Buffer Turn-Off to OE | torr | 0 | 20 | oO | 25 | 0 | 30 | ns_ 6 
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e Write Cycle 
HM514400-8 | HM514400-10 
nee Min. | Max. | Min. | Max. | Min. | Max. ee 
Write Command Pulse Width | twe | 1 | — | 20 | — | 25 | — | 
Write Command to RAS Lead Time | tewe, | 25 | — | 25 | — | 30 | — | ns | 
Write Command to CAS Lead Time | tow, | 25 | — | 25 [| — | 30 | — | ns | 
e Read-Modify-Write Cycle 
HM514400-8 | HM514400-10 | HM514400-12 
asi Min. | Max. | Min. | Max. | Min. | Max. ee aoe 
CAS to WE Delay Time tcwp 55 | — | 60 | — 70 | ns 10 
Column Address to WE Delay Time | tawp 70 | — | 80 | — | 9 | — | os | 10 
e Refresh Cycle 
HM514400-8 | HM514400-10 | HM514400-12 
Parameter Min. Min. Unit | Note 
cae fmf f=fe [= fo [fe 
(CAS-Before-RAS Refresh Cycle) CSR 
CAS Hold Ti 
CasvometrS Ramen cyey | tom | | = | 20 | = | as | = | me 


e Fast Page Mode Cycle 


HMS14400-8 HMS14400-10 HMS514400- 12 . 
Parameter Symbol : - ; Unit | Note 


Min 
Fast Page Mode Cyele Tine oS oe ee 
Fast Page Mode CAS Precharge Time tcp | io | — | 0 | — | sw | — | ns | 
Fast Page Mode RAS Pulse Width | trasc | — | 100000} — | 100000] — | 100000] ns | 12 
Access Time From CAS Precharge | tae | — | 50 | — | 50 | — | © | ns | B, 17 
Fast Page Mode Read-Modify-Write t 105 | - | w] - | 30 p= | a 
Cycle Time PCM 

e Test Mode Cycle 

HM514400-8 | HM5i4400-10 | HM514400-12 
ee Min. | Max. | Min. | Max. | Min. | Max. rae as 

Text Mode WE Sep Time | ws | 0 | — | 0 | — | 0 | — | =| 
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e Counter Test Cycle 







Parameter 







CAS Precharge Time 
in Counter Test Cycle 


NOTES: 1. AC measurements assume tr = 5ns. 


nN 


. Assumes that tpcp < trcp (max.) and trap S trap (max.). If tacp or trap is greater than the maximum 
recommended value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100pF. 
. Assumes that tpcp = trcp (max.) and trap < trap (max.). 
. Assumes that tpcp <S trcp (max.) and trap = trap (max.). 


Nn kk W 


. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 


7. Vin (min.) and Vi (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vjq and Vj,. 

8. Operation with the trcp (max.) limit insures that trac (max.) can be met, trcp (max.) is specified as a reference 
point only, if tpcp is greater than the specified tpcp (max.) limit, then access time is controlled exclusively by tcac. 

9. Operation with the trap (max.) limit insures that trac (max.) can be met, trap (max.) is specified as a reference 
point only, if trap is greater than the specified trap (max.) limit, then access time is controlled exclusively by taa. 


10. twcs, tkwp, tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs = twcs (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tpwp = trwp (min.), tcewp = tcwp (min.) and tawp = 
tawp (min.), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed 
write or a read-modify-write cycle. 

12. trasc defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of taa or tcac or tacp. 

14. An initial pause of 100 ys is required after power up followed by a minimum of eight initialization cycles (RAS-only 
refresh cycle of CAS-before-RAS refresh cycle). If the internal refresh counter is used, a minimum of eight 
CAS-before-RAS refresh cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 

16. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits—CAo. This 
test mode operation can be performed by WE-and-CAS-before-RAS (WCBR) refresh cycle. Refresh during test mode 
operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the 
condition of the output data is low level. Data output pin is I/O3 and data input pin is I/O2. In order to end this test 
mode operation, perform a RAS-only refresh cycle or a CAS-before-RAS refresh cycle. 

17. In a test mode read cycle, the value of trac, taa, toac and tacp is delayed for 2ns to 5ns for the specified value. 
These parameters should be specified in test mode cycles by adding the above value to the specified value in this data 
sheet. 
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@ TIMING WAVEFORMS 
e Read Cycle (1) 


RAS E yp 


CAS 


Address 


WE LLL LL wi i= — ey 


Dout 
ae el = 


CR LLL ot MLLLLLLL Lt 


"V7 : Don't car 
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e Early Write Cycle (2) 


RAS 


CAS 


Address 


Din 
Dout 








tRsH 


tracp 
tcas 


Pe, i 
Ly es CK cis XII 


mtn me 








Hi-Z 


YLLLLLLLLLLLL LL PRELLLILIILLL 


OE : Don't care 


‘V4 : Don't care 
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¢ Delayed Write Cycle (3) 


RAS 


CAS 


Address 


trcp tRSH 
tr 


SS LLLLLLLLLLLLL LLL LLL 


tbH 


so eax 
Ea 


*V////) : Don't care 
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¢ Read-Modify-Write Cycle (4) 


RAS 


CAS 


Address 


tcrp 


L/D Row PZ column RYALLLLS LL LLL LLL LL 
= 
i twp 
a 


a ~~ 
III 9X5 HII 
Hi-Z touth 


tpzo topp tOEH 


ALLL : Don't care 


HITACH 
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¢ RAS-Only Refresh Cycle (5) 


tre 
—enang Sannin mamaraaaa 


tcRP trec 


Dout ales 


, WE : Don't care 


*/Y 


\E 


V4, : Don't care 


Z) 


** REFRESH ADDRESS: A0-A9 
(AXO-AX9) 
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e Hidden Refresh Cycle (6) 


tre 


tap trp 
__ tRAS Peal tRAS tras Pe ae ed 


tcas Hal 


a 
ef 
———4 





tcac 


tas | 
ie | ae {OFF 1 
Dout ‘ Dout Y 
ms roe | torre _| 


me LLL tn PE OAC | 
OF LLL MLLLLL 2 
41 ZZ: dontcare 
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e CAS-Before-RAS Refresh Cycle (7) 


4 tRAS 


RAS 


tap 7 [tee 
Lic R tRec 
tcsr 
CAS 


Address —— ZEEE MLLLLLLLLLLL LLL 





Dout OPEN 
ViLb4, : Don't care 
* WE > Vin 
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¢ Fast Page Mode Read Cycle (8) 


= al 
« Es ao 


tRaD 
tasR i i 


Address PR Row KYPX Col. ] U// Col.) Tl ETL 
il =e a hse 


we, WELL, pe =a RZ. 
| ti i Teel 
Dout aoe Tee ales torre 
. wis MILI. 


toac 





*V/77) : Don't care 
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e Fast Page Mode Early Write Cycle (9) 


tRASC 
RAS | 
tcsH ee tRSH trp 
sense ae i tcrP 
ae tcas 
CAS 
Address ~ Row J CeO pil Fl SLL LLL Ls 





twcH 


i ZZ fatal | | WI 





m 


Din 
Hi-Z 
Dout 
* OF : Don't care 
. ON hf) : Don't care 
HITACHI 


944 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


HM514400LJP/LZP-8/10/12 


¢ Fast Page Delayed Write Cycle (10) 


RAS 


CAS 


Address 


Din 


Dout 


tRASC 


ty ee ee tpc tRSH Fe 
aa an rey 


i Paps cx ese 





nf > 


l= — 


A LL 













Si 


LLLL/ Ri py AS 
ola 


Hi-Z 


— 


topp 


LLLL/ LLILLLL 
VSIA, : Don't care 
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e Fast Page Mode Read-Modify-Write Cycle (11) 


trp 


= tRASC 17 
Address Uae Sgea 
Bu 
el 


Din Yr 


Dout { Dout } . 
—- | oz 


* LLL Don't care 


© HITACHI 
946 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


HM514400LJP/LZP-8/10/12 
° Test Mode Cycie 


3 Reset Normal 
set cycle Test mode cycle Cycle “1*3 mode 


CAS 


» 
\ 
\ 


XLLLL 


*1 CBR or RAS only refresh 
*2 LLL : Don't care 
*3 Address, Din, OE : Don't care 


e Test Mode Set Cycle (1) 


RAS 


aC tae tcrp 


” lea, 


ILE. ZL Vo ZZ 


OPEN 


WE 


mM 





Dout 
Note *1 LLLL : Don't care 
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e Test Mode Reset Cycle (2) 


: Rass 
We _ eo SMUT 
address LLLLLLLLLLLLLLLLLILLLLLLLLLLLLLLLLLL LLL 


OPEN 





Dout 
Note “1 LLLL : Don't care 
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e RAS-Only Refresh Cycle 


tro 
tap 
<P {tee 


HS LLL: lim rill RKLMLLMLILLILLLL L 2 
address LLLLLLLLLID Pow KILL LLL LLL LL 


OPEN 
Dout 


Note “1 Refresh Address AO~A9 (AXO~AX9Q) 
*2 LLL L : Don't care 
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e CAS-Before-RAS Refresh Counter Check Cycle, (READ) 


RAS 


2 | 
> 
op) 


Ai 


tap 


tpt 


trai 
= : 
ee 


ld 


— 
MLLLLLLLLLLLL LLL LL —— 


*1 ALLL : Don't care 
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e CAS-Before-RAS Refresh Counter Check Cycle, (WRITE) 


RAS 


CAS 


Y 
a 


7 


ee ent 


tcrp 





JLLLLLL LL SAN 
toss [> 


Ox 


OPEN 


em 


“4 
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LLL LA 


e (415) 589-8300 


: Don't care 


951 
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Section 6 
MOS Dynamic RAM Module 


© HITACHI’ 


HB561003 Series 


262,144-word x 9-bit Dynamic Random Access Memory Module 


The HB561003 is a 2.25M dynamic random-access memory module organized as 262,144 x 9 bits [bit nine 
(PD, PQ) is generally used for parity and is controlled by PCAS] in a 30-pin single in-line package comprising 
nine HM50256CP, 262,144 x 1-bit dynamic RAMs in 18-pin Plastic Leaded Chip Carrier mounted on a 
substrate together with decoupling capacitors. 


sFEATURES 

@ 262,144 words x 9 bits Organization 

@ Industry standard 30-pin Single In-line Package Memory Module 

@ Single 5V (£10%) 

@ Utilizes nine 256K Dynamic RAMs in PLCC (HM50256CP) 

@ HB561003 operates as nine HM50256CPs as shown in the functional block diagram. 
@ Low Power: Operating: 2,160mW typ. (tac = 260ns) 


Standby: 135mW typ. 















from RAS (max) from CAS (max) Cycle (min) 
HB561003AR/B-15 260ns 

@ Page mode capability 
@ TTL compatible 
@ 256 refresh cycles/4ms 
@ 3 variations of refresh 

RAS-only refresh 

CAS-before-RAS refresh 

Hidden refresh 
@ Operating Ambient Air Temperature: 0°C to +70°C 


@ HB561003AR is leaded type 
@® HB561003B is leadless type (socket type) 


PIN ARRANGEMENT 


SOE 


= PIN DESCRIPTION 

A0-A8 Address Inputs 

CAS, PCAS | Column Address Strobes 
DQ0-DQ7 Data In/Data Out 





PUTO VETTEL TTC ITETEL PD Data In 
o- = ue Mm AN YF HM O&O me we w& na © 5S F|NMI2AQA ¥ 
Beg ttgttsgrt get george Par grees = NC No Connection 
ae vaew, PQ Data Out 
Notes: 1. HB561003B’s pin arrangement is same as HDS61003AR’s. RAS 
pected : R 
2. Common CAS control for eight common Data-In and Data-Out Ow meaieS Probes 
lines. WE Write Enable 
3. Separate PCAS control for one separate pair of Data-In and 
Data-Out lines. ice +5V Supply 
4. The common I/O feature dictates the use of only early write Vss Ground 
operations to prevent contention on Din and Dout. 
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HB561003 Series 


MIFUNCTIONAL BLOCK DIAGRAM 


Ag —£2) 
A, (3) 


‘a (7) 


A3 (8) 
Ay (1h) 
ae (12) 
(14) 
Ap (15) 
Xs (17) 





SABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss: -1V to +7V 
Operating temperature, 7, (Ambient): 0°C to +70°C 
Storage temperature (Ambient): -55°C to +125°C 
Power dissipation: 9W 

Short circuit output current: 50mA 


MRECOMMENDED DC OPERATING CONDITIONS ( 7a=0 to +70°C) 


Supply Voltage Vec | 46 | so | 85 | Vv | ] 
Input High Voltage Vin | 24 | = | 65 J ov 1 
Input Low Voltage Vin p-10 | - | 08 | vi. ] 


Note) 1. All voltages referenced to Vss 
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HBS61003 Series 
MDC ELECTRICAL CHARACTERISTICS (7a=0 to +70°C, Vec=5V+10%, Vss=0V) 


Parameter[___Testonditions | Symbol [| min. | max [ Unt [Notes 
Operati t RAS, CAS=cycle 
acne a ia trc =260ns icéi 630 | mA |1 
fac =min tre =220ns 147 
Standby current RAS= Vin, Dow = High Z | Teco | - | 40 | mA | 
Refresh current RAS only refresh 
tapi trc =260ns Icc3 477 mA 
pec TO trc =220ns 558 
Standby current RAS= Vin, Dou =enable | Ices | - | 90 | mA | 1 
Refresh current CAS before RAS refresh 
trc = min trc =260ns Icce mA 
trc =220ns 
Page made supply RAS = Vit, CAS=cycle, ene Icc7 432 mA 
cure tec =min tre = 120n8 513 
Input leakage 0< Vin <7V ht —10 10 uA 
Output leakage | 0< Vou <7V, Dn = disable Fe aio, 0 aa | 
Output levels High (Jou = —5mA) Von | 24 | Vec 
Low (eu =4.2mA) Oa 
BECAPACITANCE (Vcc=5V+10%, Ta=25°C) 
Parameter | Symbol [typ | max. [Unit | Note 
fades ren | - | 0 | | 2 
Clocks en [| - | % | oF [23 
DQ ee | - | w | | 2a 
PQ re ae ee ae 
PD ee [| - [0 [or [2 


Notes: 1. [cc depends on output loading condition when the device is selected, /C¢ max is specified at the output 
open condition. 
2. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
3. CAS = V7# to disable Doyt. 


HBAC CHARACTERISTICS 


Refer to the HM50256CP data sheet. 

The HB561003 writes data only in early write cycle (twos 2 
twcs (min)). Delayed write cycle is not available because of 1/O 
common. 
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HB561003 Series 
MIPACKAGE OUTLINE 
@ HB561003AR Series 


em: 


5.08( 0.200) max. 


2 ! 


30 
0.500( 0.0197 ) 2.54(0.100) 0.250( 0.0098) 





Unit ? mm(inch) 


@ HB561003B Series 


8 90 (4:50) (9.08 (0 200) may 









(0 154) 821103240 


(0 100min ) 17 7810 700) mas 


(0.125) DEN Thu 
Sy, 
JU OW J a ‘ 


~ | 
(0.070min ) (0 Ofmas ) 1 2728 Ha (0 0528 soa) 


Unit : mm(inch) 






(0 400) (0.070) (0 14x} 
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HB561409 Series 


262,144-word x 9-bit Dynamic Random Access Memory Module 


The HB561409 is a 256k x 9 dynamic RAM module, mounted 
9 pieces of 256k-bit DRAM (HM51256CP) sealed in PLCC 
package. An outline of the HB561409 is 30-pin single in-line 
package having two types; Lead type (HB561409A) and Socket 
type (HB561409B). Therefore, the HB561409 makes high 
density mounting possible without surface mount technology. 
The HB561409 provides common data input and output, and also 
provides separate I/O on parity bit for parity check. Its module 
board has decoupling capacitors to reduce noise. 


Features 
@ 262,144 words x 9 bits organization 


@ Industry standard 30-pin Single In-line Package Memory Module 
@ Single 5V (£10%) 
@ Utilizes nine 256K Dynamic RAMs in PLCC (HM51256CP) ; ; 
@ HB561409A/B operates as nine HM51256CPs as shown in the Ordering Information 
functional block diagram TypeNo.  ‘A°°*S package 
@ Low Power: Operating..... 1,800mW (typ) (tac = 180ns) Zune : 
Standby...... 6OmW (typ) HB561409A-10 100ns 30-pin SIP 
@ Highspeed: Access time from RAS (max) = 100ns pened yeS 
Access time from address (max) = 55ns HBS61409B-10 100ns Pin SIMM 
Read or write cycle (min) = 180ns pocket Lyne 
@ High speed page mode capability (tec = 65ns) 
@ TTL compatible 
@ 256 refresh cycles/4ms 
@ 3 variations of refresh 
RAS-only refresh 
CAS-before-RAS refresh 
Hidden refresh 
@ Operating Ambient Air Temperature ..... O°C to +70°C. 


Pin Arrangement 


JUUUUL 
TINTON TTI 


Pin Description 

A0-A8 Address Inputs 
CAS, PCAS Column Address Strobe 
DQ0-DQ7 Data In/Data Out 








PD Data In 
NC No Connection 
ee eee SI RBS RS RSSSARSNRARSARRS PQ Data Out 
re : het sts be te RAS Row Address Strobe 
bs (28 MNO Q2N HINT OM HOC) Min) ZOOk NO & 
actoatg tt atag< gy so : 
=A a a4 a a 22 B32 SSERe Vcc +5V Supply 
a 
(Side View) Vss Ground 
Notes: 1. HB561409B’s pin arrangement is same as HB561409A’s. WE Write Enable 
2. Common CAS control for eight common Data-In and Data- 


Out lines. 

3. Separate PCAS control for one separate pair of Data-In and 
Data-Outlines. 

4. The common I/O feature dictates the use of only early write 
operations to prevent contention on Din and Dout. 
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HB561409 Series 


Functional Block Diagram 











Dout 


ey 


cc § 
Le aaa 








pai St 
paz 211] 
pg3 
_ £28) 
PCAS 
PD (29) 
Vee (1) 
Veo (30) 
Vss (9) 
Vig. 22 
Absolute Maximum Ratings 
Voltage on any pin relative to Vgs............ -1V to +7V 
Operating temperature, 7, (Ambient)......... O°C to +70°C 
Storage temperature (Ambient) .......... -55°C to +125°C 
Power dissipation ........ 000 cece ee ee ee ee eee QW 
Short circuit output current .. 0.0... 0.0.2 eee eee 50mA 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol Min Typ Max Unit Note 
Supply voltage Vcc 4.5 5.0 5.5 V 1 
Input High voltage VIH 2.4 ns 5.5 Vv 1 
Input Low voltage ViL —1.0 — 0.8 V 1 


Note) 1. All voltages referenced to Vos. 
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HB561409 Series 


DC Electrical Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vg = OV) 


Parameter Symbol Min Max Unit Notes 
Operating current trc=180ns Iccl — 540 mA * 1 
Standby current Icc2 — 18 mA 
Refresh current trc=180ns Icc3 — 540 mA RAS only refresh 
Standby current (Dout Enable) Icc4 oa 54 mA * 1 
Refresh current trc=180ns Icc5 = 495 mA CAS before RAS refresh 
Operating current tpc=65ns Icc6 — 540 mA * 1, High speed page mode 
Input leakage 0<Vin<7V Iu —10 10 nA 
Output leakage 0<Vout<7V ILo mar 81) 10 LA Dout is disabled 
Output levelsHigh Iout= —5mA Vou 2.4 Vcc V 

Low lout = 4.2mA VoL 0 0.4 V 


Notes: *1. I¢¢ depends on output loading condition when the device is selected, 1c¢ max is specified at the output open 
condition. 


Capacitance (Voc = 5V + 10%, Ta = 25°C) 


Parameter Symbol Type Max ‘Unit Notes 
Address Cn = 60 pF * ] 
Clocks Cr —= 75 pF * 1,2 
DQ Ci/o _ 17 pF * 1,2 
PQ Co = 12 pF * 1,2 
PD Ci3 = 10 pF * 1 


Notes: *1. Capacitance measured with Boonton Meter or effective capacitance 
measuring method. 
*2. CAS = V7 to disable Dout. 


AC Characteristics 
Read, Write and Refresh Cycles (Common Parameter) (Ta = 0 to +70°C, Voc = 5V + 10%, Vag = OV) 





Parameter Symbol Min Max Unit Notes 
Random Read or Write Cycle Time tRC 180 — ns 
RAS Precharge Time trp 70 = ns 
RAS Pulse Width tRAS 1S 10000 ns 
CAS Pulse Width tcas 30 am ns 
Column Address Set-up Time tasc 0 = ns 
Column Address Hold Time tCAH 29 = ns 
Column Address Hold Time to RAS taR 80 ae ns 
RAS to CAS Delay Time tRCD 25 70 ns * 8 
RAS to Column Address Delay Time tRAD 20 45 ns *9 
RAS Hold Time tRSH 30 = ns 
CAS Hold Time tcsH 100 = ns 
CAS to RAS Precharge Time tCRP 10 oes ns 
Row Address Set-up Time tASR 0 = ns 
Row Address Hold Time tRAH 15 = ns 
Transition Time (Rise and Fall) tT 3 50 ns *7 
Refresh Period tREF — 4 ms 
€@ HITACHI 
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HB561409 Series 


@® Read Cycle 








Parameter Symbol Min Max Unit Notes 
Access Time from RAS tRAS oes 100 ns *2,*3 
Access Time from CAS tcac re 30 ns * 3, #4 
Access Time from Address taa = 55 ns * 3, *5 
Read Command Set-up Time tRCS 0 = ns 
Read Command Hold Time to CAS tRCH 0 =a ns 
Read Command Hold Time to RAS tRRH 10 = ns 
Column Address to RAS Lead Time tRAL 5D = ns 
Output Buffer Turn-off Time tOFF 0 30 ns * 6 
@® Write Cycle 
Parameter Symbol Min Max Unit Notes 
Write Command Set-up Time twcs 0 = ns * 10 
Write Command Hold Time twcH 30 = ns 
Write Command Hold Time to RAS twcR 85 oa ns 
Write Command Pulse Width twe 25 — ns 
Write Command to RAS Lead Time tRWL 30 = ns 
Write Command to CAS Lead Time tCwL 30 ac ns 
Data-in Set-up Time tDs 0 = ns * 1] 
Data-in Hold Time tDH 25 = ns * 11 
Data-in Hold Time to RAS tDHR 80 eo ns 
@ Refresh Cycle 
Parameter Symbol Min Max Unit Notes 
CAS Set-up ene tcsR 10 a ns 
(CAS before RAS Refresh) 
ace Refresh) te " ~ Me 
RAS Precharge to CAS Hold Time tRPC 15 sac ns 
@ High Speed Page Mode Cycle 
Parameter Symbol Min Max Unit Notes 
High Speed Page Mode Cycle Time tec 65 = ns * 12 
ie Page Mode RAS Pulse ited 75 75000 oe * 13 
CAS Precharge Time tcp 20 — ns 
Write Invalid Time twl 15 aa ns 
Access Time from Column tke = 60 ae rer 


Precharge Time 


Notes) *1. AC measurements assume tT = 5ns. 

*2. Assumes that tpcp S trcp (max) and trap S trap (max). If trop or trap is greater than the maximum 
recommended value shown in this table, t exceeds the value shown, 

*3. Measured with a load circuit equivalent to L loads and 100pF. 

*4, Assumes that tpcp 2 trcp (max) and trap Strap ey 

*5. Assumes that trop S tpcp (max) and trap 2 trap (max.) 

6. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to 

output voltage level. 

*7. Viz (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Nia and Vy. 
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HB561409 Series 


8. Operation with the trcpD(max) limit insures that tRAC(max) can be met. trcp(max) is specified as a re- 
ference point only; if tpcp is greater than the specified tpcp (max) limit, then access time is controlled 
exclusively by tc Ac. 

9. Operation with the trap(max) limit insures that tpAc(max) can be met. trap(max) is specified as a 


reference point only; if trap is greater than the specified tpap(max) limit, then access time is controlled 
exclusively by ta A. 


10. Only early write cycle to prevent contention on Data in and out (twes 2 > 0). 

11. These parameters are referenced to CAS leading edge in early write cycle. 

12. Assumes that tasgc = tcp-Sns. 

13. trapc definesRAS pulse width in High Speed Page mode cycle. 

14. Access time is determined by the longer of taa or tcac or tcap. 

15. An initial pause of 100us is required after power-up then execute at least 8 initialization cycles. 
16. Atleast, 8 CAS before RAS refresh cycles are required before using an internal refresh counter. 


Timing Waveforms 
Refer to the HM51256CP data sheet. 


Package Outline, Unit; mm (inch) 
















HB561409A 
5.08max 
78 74(3 10) {0 200: 
\ 0.25! 0.0098 } 
0 50/0 197) my 
HB561409B 
5.08max. 
88 .90(3.50) (0.200) 
(0.133) 82.14(3.234) 
78.74(3.10)max 
(0.125DIA ) 


(0.100min. ) 


S = ove 
ize (0.300) (0,070) 2.54(0.100) s © (0.057802 
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HB561008 Series — 


262,144-word x 8-bit Dynamic Random Access Memory Module 


The HB561008AR/B is a 2M dynamic random-access memory module organized as 262,144 x 8 bits in a 
30-pin single in-line package comprising eight HM50256CP, 262,144 x 1 bit dynamic RAMs in 18-pin Plastic 
Leaded Chip Carrier mounted on top of a substrate together with decoupling capacitors. 


















= FEATURES 
@ 262,144 words x 8-bits Organization 
@ Industry standard 30-Pin Single In-line Package Memory Module 
@ Single 5V (+10%) 
® Utilizes eight 256K Dynamic RAMs in PLCC (HM50256CP) 
® HB561008AR/B operates as eight HM50256CPs as shown in the functional block diagram. 
@ Lower Power; Operating: 1,920mW typ. (tac = 260ns) 
Standby: 120mW typ. 
@ High speed: 
Access Time Access Time Read or Write 
from CAS (max) Cycle (min) 

HB561008AR/B-15 75ns 
@ Page mode capability 
@ TTL compatible 
@ 256 refresh cycles: (4ms) 
@ 3 variations of refresh 


RAS-only refresh 

CAS-before-RAS refresh 

Hidden refresh 
© Operating Ambient Air Temperature: 0 to +70°C 
HB561008AR_...... Leaded type 
@ HB561008B .... Leadless type (socket type) 





MPIN ARRANGEMENT 


JUUUUUL 


= PIN DESCRIPTION 





A0-A8 Address Inputs 

Rea ee atanenacane CAS Column Address Strobes 

3]? 37<g<< BZAAZCAZALS AE A282 as/299 s DQ0-DQ? Data In/Data Out 
NC No Connection 

(Side View) RAS Row Address Strobes 
WE Write Enable 
Notes: 1. HB561008AR’s pin arrangement is same as HB561008B’s. Vee +5V Supply 
2. Common CAS control for eight common Data-In and Data-Out 
lines. Vss Ground 


3. The common I/O feature dictates the use of only early write 
operations to prevent contention on Data-in and Data-out. 
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HB561008 Series 


@ FUNCTIONAL BLOCK DIAGRAM 


(4: 
(5) 
(7) 
1s: 
vi (hh 
(12) 
(1) 


in 
\7 -- 
(17) 



















RS (27 
rats (2) 
WE 2] 

° ” M3 
=P 
aid 

Qo ‘2 x Bias Din Dout 
\ 
| ee 
\o~ 
i ss 
a : z 
ng, & alee Din a 
3 Ve 
Ao~ \s 
aot | 
pgs) 
Voc ()) 
bee £30 
(9; ( Je, C, 


Vos 
\Vss (22) 


@ ABSOLUTE MAXIMUM RATING 

Voltage on any pin relative to Vss: -1V to +7V 
Operating temperature, 7g (Ambient): 0°C to +70°C 
Storage temperature (Ambient): -55°C to +125°C 
Power dissipation: 8W 

Short circuit output current: 50mA 


MRECOMMENDED DC OPERATING CONDITIONS ( 7a=0 to + 70°C) 


Parameter Symbol Unit Notes 
Supply Voltage V l 
ae fo 


Input High Voltage 


y 
V 1 


Input Low Voltage 


Note) | All voltages referenced to Vss 
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HB561008 Series 





MEDC ELECTRICAL CHARACTERISTICS ( Ta=0 to + 70°C, Vec=5V + 10%, Vss=0V) 








Parameter Test Conditions Symbol Notes 
Operating current RAS, CAS=cycle 
ae tre =260ns Toa 
éxc =min tre =220ns 
Standby current RAS= Vin, Dou = High Z 
Refresh current RAS only refresh F 
ae trc = 260ns C04 
fren trc = 220ns 
Standby current RAS= Vin, Dou = enable 
Refresh current CAS before RAS refresh 
; trc =260ns loco 
trc =min trc = 220ns 
Page mode supply RAS= Vit, CAS=cycle, 
; fec = 145ns 
current tpc =min tec =120ns 





Input leakage 0< Va <TV Its 
Output leakage 0< Vuu <7V , Dour =disable lio 


Output levels High (Jow = --5mA) Vou 
Low (low = 4.2mA) Von 
MECAPACITANCE (Vcc =5V+10%, Ta=25°C) 


Parameter 










Address 
Clocks 






Notes: 1. [cc depends on output loading condition when the device is selected, /CC¢ max is specified at the output 
open condition. 
2. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
3. CAS = V7y to disable Doyt-: 


= AC CHARACTERISTICS 


Refer to the HM50256CP data sheet. 

The HB561008 writes data only in early write cycle (twces 2 
twes (min)). Delayed write cycle is not available because of 
1/O common. 
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HB561008 Series 
MIPACKAGE OUTLINE; Unit: mm (inch) 


@ HB561008AR Series 5.08( 0.200 )max 


| 78.74(3.10) , | 





E 
o~ 
i) 
= 
i] 
— 
fee) 
& 
~ 
vod 


__|]0500¢0.0197) | | 2.54(0.100) ~ 0.250(0.0008) | 


@® HB561008B Series 


5.08max. 


88 90(3.50) (0.200) 










82 14(3 234) 


78 74(3 10)max 






(0.125DIA ) 


(0.400) 
17.78max. (0.700) 


127 oie 


(0.0529 988 ) 





2.54(0.100) 
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HB56D25608A/B-6H/7H/8A/10A/12A 


262,144-Word x 8-Bit High Density Dynamic RAM Module 


@ DESCRIPTION 


The HB56A25608 is a 256K x 8 dynamic RAM module, mounted 
two 1-Mbit DRAM (HM514256A) sealed in SOJ package. An outline 
of the HB56A25609 is 30-pin single in-line package having Lead 
types (HB56A25608A), Socket type (HB56A25608B). Therefore, the 
HB56A25608 makes high density mounting possible without surface 
mount technology. The HB56A25608 provides common data inputs 
and outputs. its module board has decoupling capacitors beneath 
the each SOuJ. 


@ FEATURES 


e 30-Pin Single In-Line Package 
LGB PIC Nicswwiis couleiaie wires eee aaa awa 2.54mm 
e Single 5V (+ 10%) Supply 
e High Speed 
Access Time ..............05. 60/70/80/100/120ns (max.) 
¢ Low Power Dissipation 
Active Mode............. 990/880/726/605/517/mW (max.) 
Standby Mode.............. 0. cece eee ees 22mW (max.) 
e Fast Page Mode Capability 
© 512 Retresh Cycle) idiccccs eas eee eaete sk bes wees 8ms 
e 2 Variations of Refresh 
RAS Only Refresh 
CAS Before RAS Refresh 
¢ TTL Compatible 





@ ORDERING INFORMATION 


HB56D25608A-6H 
HB56D25608A-7H 


HB56D25608A-8A oe SIP 

HB56D25608A-10A ype 

HB56D25608A-12A 

HB56D25608B-6H | 

HB56D25608B-7H 

HB56D25608B-8A 30 pin SIP 
Socket Type 


HB56D25608B-10A 
HB56D25608B-12A 





@ PIN OUT 
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Pin No. Pin Name 
i Voc | 16 | DQ 
00; 
[| pa | | We 
DO 
10 | DQ DQ 
13 DQ, NC 

@ PIN DESCRIPTION 
Pin Name Function 
Ayo ~ Ag Address Input 
Ag ~ Ag Refresh Address Input 
RAS Row Address Strobe 
CAS Column Address Strobe 
WE Read/Write Enable 

DQ) ~ DQ, Data-In/Data-Out 
Vec Power Supply (+5V) 
Vss Ground 
NC Non-Connection 





HB56D25608A/B-6H/7H/8A/10A/12A 
@ BLOCK DIAGRAM 


HM514256JP 


(8) no, 


(20) 
(23) DOS 4M514256JP 


2) DQ7 
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HB56D25608A/B-6H/7H/8A/10A/12A 


M@ PHYSICAL OUTLINE 


¢ HB56D25608A Series 
.. mm 
78.74 Unit: och 
3.100 
5.28 max 
0.208 





17.78 max 
0.700 


1.27 
0.050 


§.28 max 
| | 0.208 


1.27 
0.05 
| 1.80 min. 





e¢ HB56D25608B Series 





Detail A 





NOTE: The plating of the contact finger is solder coat. 
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HB56D25608A/B-6H/7H/8A/10A/12A 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Value Unit 
Voltage on Any Pin Relative to Vg -1.0 to +7.0 V 
Supply Voltage Relative to Vss -1.0 to + 7.0 V 
Short Circuit Output Current 
Power Dissipation 
Operating Temperature 0 to + 70 °C 


Storage Temperature Tyg -55 to +125 *C 


WC 


M@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


Unit Note 


V 


Parameter Symbol Min. 


nines vs | 0 [0 | 0 
ee Voc 
ass 
cog 


input High Vole Vii ome 
input Low Voltage Vi 08 


NOTE: 1. Al! voltage referenced to Vss. 


pemasd | pumead 


M@ DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V + 10%, Vsg = OV) 


HB56D25608A/B 
-8A -I 





= 
> 


-RA Unit | Note 


“x 
a9) 


Parameter 


< 
pe] 
Pa 
=< 
& 
al 


— 
nN 
i=) 


Operating Current 


Rane 
nN 





Max. 
132 

TTL Interface 

RAS, CAS = Viy 4 4 
Standby Current 

CMOS Interface 

RAS, CAS = Vo¢c -0.2V 2 2 
RAS-Only 


nN 


Refresh Current 


RAS = Vi, CAS = Vy, 
Standby Current Dour = Enable 
CAS-Before-RAS , leas 
Refresh Current CC6 RC ~ : 





EI RIEIEA EA RENEE, 
= 


ps 
‘oO ‘Oo \o = 


— 
Qo 
N 
— 
— 
© 


= 
5 
es =< 


= 
— 
GQ 
i] 
= 
i) 


Fast Page + ey 

Mode Current tpc = Min. 110 110 1,3 
Input Leakage 

Current lu OV < Vin = 7V -10 -10 10 

Output Leakage I OV < Vour = 7V 

Current LO | Dour = Disable 

Output High 


04; V 


= = 3 =| =| = = 
<]< {3 (5]8/8(8]2] 8 | s [3] EF 


Cupar io Vag cao foal foal o [ow 


NOTES: 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vj,. 
3. Address can be changed once or less while CAS = Vin. 
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HB56D25608A/B-6H/7H/8A/10A/12A 
Ml CAPACITANCE (T, = 25°C, Voc = 5V + 10%) 


Parameter Typ. Note 
Input Capacitance (Address) | Cy | — | 25 | pF | | 
Input Capacitance (Clock) Cp | — | 30 | pF | 1 
Input/Output Capacitance (DQ9-DQ-7) | Cv | — | 


NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyjyq to disable Dout. 


@ AC CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 10%, Vg = OV) (1), (2) 
e Read, Write and Refresh Cycle (Common Parameter) 
HB56D25608A/B 





Parameter Symbol - Unit | Note 


ON 
: 
“ 
: 
oo 
: 
o 
; 
iS 
; 


< 








Access Time from Address 


> 


Nox oe eo 
Random Read or Write Cycle Time tre | 25 | — | 4o} — | 60 | — | 90] — | 220] — | os | 
RAS Preharge Tine we [3s [-[o]-|[~|-|o};-|o[-]m 
RAS Pls Wid eas | © [10000] 70 [10000] 20 |ro000 | 00 [000 | 10 [10000] ns 
Row Adres Setup Tin Ss Ca eee 
Row Ades Hod Tine rn | [-[]-fel-[s[-|[s[-[e | 
Cotumn AdtresSeupTine | we | 0 |-]°]}-[o]-]o|-]*|-]™ | 
RAS Hold Tne ee eee eee 
TAS Hold Tine Pew | | — [| — [oo | [oo [= [oof = om 
TASORAS Presa Tne | wr | ©] —-]]|—-|o|-|]-]o|—-| = 
Transition Time (Rise and Fall) te he | 50.) 8. 1-50. ae bso Be [500 1a 50. | ins | 7 
Reresh Paid aes ee ee ee 
e Read Cycle 
HB56D25608A/B 
Parameter Symbol Unit | Note 
Pin. [ax [ win, [Man | Min [Max [Min [Mix | Min. [Max 
Acses Tine fom RAS Pine [—- |] -|~|-| [|] -|o| = jas 
ees 
reas J 


Read Command Setup Time 


as os =a 
Read Commend HoldTine CAS | wow | 9 |-]o]-[o]-[o}-]o]-| m 
Red Connand HoldTine oRAS | wen | © | —[[-[[-|o]-|w[-]|m_ 
Colunn Adres oRASLeadTine [| wu | 30] —] s[-][—-|s|-|s]—-| =| 
Oupu ButerTumOrtTine | or |-|*™]-|»]-|»™[-|s|-|»]™ | 6 
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HB56D25608A/B-6H/7H/8A/10A/12A —_—H_—______ 


e Write Cycle 
HB56D25608A/B 


Parameter Symbol | OH -7H -12A Unit | Note 
Write Command Setup Time Pewee | 





S 


Write Command Hold Time 
Write Command Pulse Width Ww 
Data-In Setup Time 


Data-In Hold Time fe 


e Refresh Cycle 


HB56D25608A/B 
Parameter Symbol| -6H =| 7H -8A -10A -12A Unit | Note 
co iin Ma 
tcHR ns 


pom 
— 


— 
— 





CAS Setup Time 
(CAS Before RAS Refresh Cycle) CSR 


CAS Hold Time 


~~ 


RAS Precharge to CAS Hold Time trpc | 10 | 


e Fast Page Mode Cycle 





Parameter 


Fast Page Mode Cycle Time tpc 


Fast Page Mode CAS Precharge Time 


ae 
Fast Page Mode RAS Pulse Width | tease | 60 | 100000 
fl 


Access Time from CAS Precharge 


RAS Hold Time from CAS Precharge | tauce | 40 | —_| 


NOTES: 1. AC measurements assume tr = 5ns. 


Unit | Note 


” 
me 
sz 
(om 
o. 
He 
~% 
7] 
Fl 
a0) 
w 
an 
N 
ol 
z| ris 
| 1 oo 
> 
F ° 
es 
2|> 
fo) 
Pal 
Fl, 
EI 
fo) 
Pad 


Bp 


— 
ive) 


2. Assumes that tpcp = trcp (max.) and trap S trap (max.). If tacp or trap is greater than the maximum 
recommended value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100pF. 
. Assumes that tpcp = trcp (max.), trap = tRAp (max.). 
. Assumes that trpcp S trcp (max.), trap = trap (max.). 


Nn & W 


. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 


7. Viy (min.) and Vj, (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between VyH and VI. 


8. Operation with the trcp (max.) limit insures that trac (max.) can be met, trcp (max.) is specified as a reference 
point only, if tacp is greater than the specified tpcp (max.) limit, then access time is controlled exclusively by tcac. 


9. Operation with the trap (max.) limit insures that trac (max.) can be met, trap (max.) is specified as a reference 
point only, if trap is greater than the specified trap (max.) limit, then access time is controlled exclusively by taa. 


10. Early write cycle only (twcs =twcs (min.)) 
11. These parameters are referenced to CAS leading edge in an early write cycle. 


12. An initial pause of 100 us is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). 


13. trasc defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of taa or tcac or tacp. 
15. trer defines is 512 refresh cycles. 
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HB56D25608A/B-6H/7H/8A/10A/12A 


@ TIMING WAVEFORMS 
e Read Cycle 


Er | 


2 
sccroes Zon Zs com KZ 





CAS 
tasR 










trRaD 


tRRH 
tRCH 


m WE ZL! | ROLE 


tOFF 
alid 
si Output if 


Din High-Z 
V4A443 : Don't care os 
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HB56D25608A/B-6H/7H/8A/10A/12A 


e Early Write Cycle 


RAS 


tre 


tcsH 





ty 


tcas 


CAS 
tasR 
tr AH ASC 


il 


tRaD A 
sauees ZD (me KC cn TEEZZZz_ 


WE LIAL WII 


Deut LLL LLLLLL LD, Nit YRLLLLILLLLLLILILLILL LL 
™ 
© HITACHI 


974 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HB56D25608A/B-6H/7H/8A/10A/12A 


e RAS Only Refresh Cycle 


| 
oe ar WLLL 
Address LI" RLLLLLLLLLLLILLLLLLLILLLLLLLLLL LLL 2 
fae 


= 


1 Address, Din: Don't care 
2 Dout: High-Z 


3V///4Y : Don't care 
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HB56D25608A/B-6H/7H/8A/10A/12A 


e Fast Page Mode Read Cycle 





tRASsc 


: . 
tRaD tcp 
RA 
tasR a pael tasc t : 
/, 


Address 7% Row GC SE 7, CI GLLLLLL: 
tRRH 
waht me St ee | 
W Y/ 


WE LLL ine A Kar G4 


Valid Valid Valid 
Dout i foupu2 P—A oupun 


Din 













U1 / 1/4 > Don't care 
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HB56D25608A/B-6H/7H/8A/10A/12A 


¢ Fast Page Mode Early Write Cycle 


TT 


RAS 


a een 
fecua i eS 
CAS 
{CAH 
tasr tasc 
Address rc KID —— ee XD 


fen KG 


io) 






oe 


lis 
WE ZL VO | WZ LZ 


Dou =al aia am 


High-Z 
Din 


V1 1/4 » Don't care 
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HB56D25609A/B-85A/10A/12A 


262,144-Word x 9-Bit High Density Dynamic RAM Module 
@ DESCRIPTION 


The HB56A25609 is a 256K x 9 dynamic RAM module, mounted 
two 1-Mbit DRAM (HM514256A) sealed in SOJ package and 256Kbit 
DRAM (HM51256) sealed in PLCC package. An outline of the 
HB56A25609 is 30-pin single in-line package having Lead types 
(HB56A25609A), Socket type (HB56A25609B). Therefore, the 
HB56A25609 makes high density mounting possible without surface 
mount technology. The HB56A25609 provides common data inputs 
and outputs and also provides separate I/O on parity bit for parity 
check. Its module board has decoupling capacitors beneath the 
each SOJ and PLCC. 


@ FEATURES 


e 30-Pin Single In-Line Package 

Lead Puch iviewsin ds owe hawt Riles se deetde es abe 2.54mm 
e Single 5V (+ 10%) Supply 
¢ High Speed 

Access Tim@...............0 cece eeee 85/100/120ns (max.) 
e Low Power Dissipation 

Active Mode ...............0005 1.11/0.94/0.79mW (max.) 

Standby Mode..............00 cece ee eeeee 33mW (max.) 
e Fast Page Mode Capability 
© 512 Retresh: Cycle acco eect eta yetiee tawdeewiedeuds caw x 8ms 
e 2 Variations of Refresh 

RAS Only Refresh 

CAS Before RAS Refresh 
¢ TTL Compatible 


@ ORDERING INFORMATION 


Access Time 








Package 





HB56D25609A-85A 
HB56D25609A-10A 
HB56D25609A-12A 


HB56D25609B-85A 
HB56D25609B-10A 
HB56D25609B-12A 


30 pin SIP 
Lead Type 








30 pin SIP 
Socket Type 


@ PIN OUT 





@ HITACHI 
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Pin No. Pin Name 
I Vcc DQ, 
D0 
s [po [2 | WE 
00, 

9 Nie NC 

10 DQ, DQ, 

I 70 

13 DQ; PCAS 

@ PIN DESCRIPTION 

Pin Name Function 

Ag ~ Ag Address Input 

Ao ~ Ag Refresh Address Input i 
RAS Row Address Strobe . 

CAS, PCAS | Column Address Strobe _ 
WE Read/Write Enable 

DQ) ~ DQ; Data-In/Data-Out 

PD Data-In for Parity 
PQ Data-Out for Parity 
Vcc Power Supply (+5V) 

Vss Ground 
NC Non-Connection 


979 





HB56D25609A/B-85A/10A/12A 
™@ BLOCK DIAGRAM 








Ao —4 
Ai -& 
A2 
ag —8 
A4 11 
AS 12 
AG 14 
A7 15 
AB 17 
3) Dao 
RAS © 7 DOT 1 1Ms14256UP 
tas 2) ) Dae 
WE (21) (13) DQ3 
(16) nog 
(20) 
(23) 8 HMS514256JP 
25) DQ7 
C2 
26) bg 
song 28) HM51256CP 
(29) 
PD 
Veo £1) C3 
Veo £90 
Vsg —2 
Vs 22 
HITACHI 
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HB56D25609A/B-85A/10A/12A 


@ PHYSICAL OUTLINE 
¢ HB56D25609A Series 








Unit; “2 
inch 
78.74 5.28 max 
3.100 0.208 
x< 
Elo 
2 rR . ‘ 
a [o) 
1.27 
2.54 0.50 0.050 
0.100 0.197 


e HB56D25609B Series 


17.78 max 





Detail A 


1.80 min. 1.27 
0.071 0.05 





NOTE: The plating of the contact finger is solder coat. 
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HB56D25609A/B-85A/10A/12A 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Uni 
Voltage on Any Pin Relative to Vgs V 
Supply Voltage Relative to Vsg Vv 
Short Circuit Output Current ae Se ae ae mA 
Power Dissipation 

Operating Temperature he | ome 

Storage Temperature 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


Parameter [Symbot_[ Min. | Typ. | Max 
aca ck oak EC 


input High Volage vin | ee 
Input Low Voltage vu | 10 | 


NOTE: _ 1. All voltage referenced to Vss. 


om) 
S 
+ 
~] 
a) 
of o 
QAIA 


@ DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = SV + 10%, Vsg = OV) 
HB56D25609A/B 


Parameter Symbol Test Conditions -12A Unit | Note 
Operating Curren 


TTL Interface RAS, 
CAS _ Vin> 
Dout = High-Z 


CMOS Interface RAS, 
CAS = Vec -0.2V 








E 
be 


= 
S) 


pe 
pe 


= 
nN 











Standby Current Icc2 


p=] +] > i 
BRIDES 





Dour = High-Z 

RAS-Onl 
RAS = Vin, 

Standby Current Iccs | CAS = Vy, 1 
Dour = Enable 

CAS-Before-RAS ; 

Fast Page 


Input Leakage Current OV < Vin = 7V 


Output Leakage I OV < Vout = 7V, 

Current LO | Dour = Disable 

Output High Volage : 
Output Low Voltage VoL = 


NOTES: 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Vy. 
3. Address can be changed once or less while CAS = Vin. 


= 

ro) 

— 
Ez 


Q 
Q 
= = 


N 
BAN 


— 
Oo 
Cc 
tae 

| 
> 

: 
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HB56D25609A/B-85A/10A/12A 
™ CAPACITANCE (T, = 25°C, Vcc = 5V + 10%) 


Parameter Typ. Max. Note 
Input Capacitance (Address) Cy | — | 30 | pF | 1 
Input Capacitance (Clock) | > | — | 36 | pF | 1 
Input/Output Capacitance (DQ9-DQ7) | Cy | — | 7 | pF | 12 
Input Capacitance (PD) | ch | — | 0 | pF | 1,2 
Output Capacitance (PQ) / Co | — | 2 | pF 1,2 


NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


@ AC CHARACTERISTICS (T, = 0 to 70°C, Vcc =5V + 10%, Vss = OV) (1), (12) 
e Read, Write and Refresh Cycle (Common Parameter) 
HB56D25609A/B 





Parameter Symbo -12A Unit | Note 


"| d0 
er 
: 
5 
VE 
~ 
»* 
i 
=) 


NO 
to : 
© ° 








? Max S 
Random Read or Write Cycle Time trc 160 | — | 190 | | — | ns | 
CAS Pulse With teas | 25 | 10000 [ 25 | 10000 | 30 | 10000 | mx 
Column Address Hold Time | tern | 20 | — | 20 | — | 25 | — | ns |- i 
Column Address Hold Time to RAS tar | o | — | 3 | —~ | 9 | — | ns 
RAS to Column Address Delay Time | trap | 17 | 45 | 20 | 55 | 20 | 65 | ms | 9 
Transition Time (Rise and Fall) | tr | 3 | so | 3 | 50 | 3 | So | os | 7 
e Read Cycle 
HB56D25609A/B 
Parameter Symbol -85A Unit | Note 
en 
Access Time from Address taa | — {| 40 | — | 45 | — | 55 | ms | 3,5 
Output Buffer Turn-Off Time torFF | o | 2 | o | 25 | o | 30 | ns | 6 
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HB56D25609A/B-85A/10A/12A 


¢ Write Cycle 
HB56D25609A/B 


Parameter -85A Unit | Note 
Write Command Setup Time T 16; the, hr Oe 





si [= [ws [0 
Write Command Hold Time to RAS | 6 | — | 80 | — | 95 | — | aos | 
Write Command Pulse Width we | & | — | 2 | — | 2 | — | os | 


e Refresh Cycle 


Parameter symbol unit | Not 


CAS Setup Time 


(CAS Before RAS Refresh Cycle) 'csr 10 ra 10 = 10 — 


ns 
CAS Hold Time 


e Fast Page Mode Cycle 


Parameter symbol Unit | Not 


Fast Page Mode CAS Precharge Time 10 | | po 








Fast Page Mode RAS Pulse Width | tgasc | 80 | 100000} 100 | 100000] 120 | 100000 13 


OO 
RAS Hold Time from CAS Precharge | teucp | 50 | — | 50 | — | © | — | 


NOTES: 1. AC measurements assume tr = Sns. 


2. Assumes that tpcp < trcp (max.) and trap S trap (max.). If trcp or trap is greater than the maximum 
recommended value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100pF. 
. Assumes that trpcp = trcp (max.), trap S trap (max.). 
. Assumes that trpcp S trcp (max.), trap 2 trap (max.). 


. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 


7. Vin (min.) and Vy, (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vy and Vj. 

8. Operation with the trcp (max.) limit insures that trac (max.) can be met, trcp (max.) is specified as a reference 
point only, if tacp is greater than the specified trcp (max.) limit, then access time is controlled exclusively by tcac. 


9. Operation with the trap (max.) limit insures that trac (max.) can be met, trap (max.) is specified as a reference 
point only, if trap is greater than the specified trap (max.) limit, then access time is controlled exclusively by taa. 


10. Early write cycle only (twcs =twcs(min.)) 

11. These parameters are referenced to CAS leading edge in an early write cycle. 

12. An initial pause of 100s is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). 

13. trasc defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of taa or tcac Or tacp. 

15. trer defines 1s 512 refresh cycles. 


Nn & W 
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HB56D25609A/B-85A/10A/12A 
@ TIMING WAVEFORMS 





RAD feed 
SE PON RE RR 
Address eS KLLLLLLLLLLLLLLLLL 2 
ieee (SE ee | 
WE LLL LLL ; CLS bd bbb bd 
Dou rns tins 


High-Z 
Din 
ON hf) : Don't care i 
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HB56D25609A/B-85A/10A/12A 


e Early Write Cycle 


tre 
FAS aS ; il 
tr ; 





i 
tasrR 


tRAD 


address Z//__ Row ZA cas a 


“i 
WE LIA TILIA YI 


tDHR 
tps 


out  LLLLLLLLLLLLLL A Mi, IKLLILILILLILILLLILILLLL 


Din 


le 


(// 717A Don't care 
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HB56D25609A/B-85A/10A/12A 
¢ RAS Only Refresh Cycle 


trac 


| 
a= DP WLLL 


Dout 
1 WE : Don't care 


20/4 : Don't care 


¢ CAS Before RAS Refresh Cycle 


[anemones SR 


ors {ale 


1 Address, Din: Don't care 
2 Dout: High-Z 


3V//7) : Don't care 
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HB56D25609A/B-85A/10A/12A 


e Fast Page Mode Read Cycle 


tRASC 
- a 


os * 
tRaD 
{RA 
tASR tasc 
ae [= fst 
{Row PPA Column 1 ///M Column 2 KD 





E 
Ung i 
Address ) - a é faa 
= the ts oe 


a 
WE LLL a A KZ, 















on 
Output 1 





Dout { outtez D—Toututn 
tRAC 
Din High-Z 
WA, : Don't care 
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HB56D25609A/B-85A/10A/12A 
¢ Fast Page Mode Early Write Cycle 


tT tcsH 
tacp 
x # _ 
t 
tRA - {CAH 
tasrR tasc 
a 
KX can 


Address “PX Row KX/PXT Column 1 lumn 2 Tis 


—— tRASC 
RAS 








twcs al bai 


lg 
They Rey Rey 
WE LILLLLLLLI%N | LN OV WLLL 


Dout es ae 


High-Z 
Din 


U/ 1/7, : Don't care 
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HB56D25636B-85/10/12 


262,144-Word x 36-Bit High Density Dynamic RAM Module 
@ DESCRIPTION 


The HB56D25636B is a 256K x 36 dynamic RAM module, 
mounted 8 pieces of 1Mbit DRAM (HM514256JP) sealed in SOJ 
package and 4 pieces of 256Kbit DRAM (HM51256CP) sealed in 
PLCC package. An outline of the HB56D25636B is 72-pin single in- 
line package. Therefore, the HB56D25636B makes high density 
mounting possible without surface mount technology. The 
HB56D25636B provides common data inputs and outputs. Decoup- 
ling capacitors are mounted beneath each SOJ and PLCC. 


@ FEATURES 
e 72-Pin Single In-Line Package 


EG AG INCI i 5 cee 6 at ace ated io Set Seat ome ce eee 1.27mm 
e Single 5V (+ 5%) Supply 
¢ High Speed 

ACCeSS TIME. .... 2... ee 85/100/120ns (max.) 
e Low Power Dissipation 

Active Mode................... 4.24/3.57/3.02mW (max.) 

Standby Mode............. 0.0. c cece ee eee 126mW (max.) 
e Fast Page Mode Capability 
e 512 Refresh Cycle .... 0... ... ccc cee eee eeee 8ms 
e 2 Variations of Refresh 

RAS Only Refresh 


CAS Before RAS Refresh 
e TTL Compatible 


@ ORDERING INFORMATION 


Access Time 


Package 










HB56D25636B-85 
HB56D25636B-10 
HB56D25636B- 12 


72 pin SIP 
Socket Type 





@ PIN OUT 





© HITACHI 


Pin No. 
1 


Pin Name 


S 
£ 


o 


Q 
DQ; 


ww 


2) 


>| >| > 


Z| > 


< o ~) < 


DQ» 
DQ; 


dad 
© 


DQ» 
DQ, 
DQ)5 


Z\> 


Z\|Z 
o) 


< 
plelelale : baa 


RAS2 
DQ 
DQ, 


Pin No. 


we 
oo 


39 


4 


eS) 


> 
oi) 


> 
\Oo 


Mimi al? ayia PS &/ oe) 


Niwa 
— | © 


io, 


57 


WN 
oo 


59 


ON 
No 


63 


fo) 
a 


nN 
~ 


70 
7 


~ 
N] = 
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Pin Name 
DQi7 
DQ35 

Vss 
CASO 
CAS2 
CAS3 
CASI 
RASO 

NC 

NC 

WE 


PD, 


991 





HB56D25636B-85/10/12 —_—_____—_—————_—__-.. oll 


@ BLOCK DIAGRAM 





OE 
fo 
CAS RAS 
DQ26 Din/out M2 
CAS3 


DQ27 
DQ28 
DQ29 
DQ30 





CAS RAS 
DQ35 Din/out M3 


A0~A8 e——-—--—_> D0~D7, MO~M3 
WE e————~ D0~D7, M0O~M3 


*DO~D7 :HM514256J/P Veo @———-)-—- > D0~D7, M0~M3 
Co~C11 
MO~M3 : HM51256CP Vss e——l-——___—-» D0~D7, MO~M3 
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HB56D25636B-85/10/12 


M@ PHYSICAL OUTLINE 





DiS bot 


ww ‘ a 
ON 
eo 1 oonoceoorommnnneeerenn MTT 72 


127 6.35 





leave min. 
eee 





2.03 6:55 _ 
0.08 0.05 R157 0.25 0. oa 
5.35 Prey R0.052 14d A 1194 _ 1.372 (3 27 ve) 
0.25 1.75 1.75 0.047 0.054 \0.05 
Note: The plating of the contact finger is gold. 
B 





Detail B 


0.25 max. 
= 0.010 
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HB56D25636B-85/10/12 





@ PIN DESCRIPTION M@ PRESENCE DETECT PIN ARRANGEMENT 
Pin Name Function HB56D25636B 
Ao ~ Ag Address Input 
Ao ~ Ag Refresh Address Input | PD, =| Vss_ | Vgs_| 

DQ ~ DQ35 Data-In/Data-Out 
CASO, CAS3 Column Address Strobe 
RASO, RAS2 Row Address Strobe 
WE Read/Write Enable 
Vcc Power Supply (+5V) 
Vss Ground 
PD, ~ PD, Presence Detect Pin 
NC Non-Connection 


@ ABSOLUTE MAXIMUM RATINGS 














Parameter Un 
Voltage on Any Pin VIN u 
Relative to Vss (Output) Vour V 
Supply Voltage Relative to Ves va Sao 
Short Circuit Output Current i. ies OO | mA 
Power Dissipation W 
Operating Temperature °C 
Storage Temperature z & 


M@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 


Parameter Min 
ae eee er ae 

suet [Vee _| 475 5.25 
= 
= 


Max. Unit Note 
5.5 


Vss 

Voc 
Input High Voltage 2.4 
Input Low Voltage ; 


NOTE: _ 1. All voltage referenced to Vss. 


Le 
° 
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HB56D25636B-85/10/12 
m DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V + 5%, Vs = OV) 










HB56D25636B 
Parameter Symbol Test Conditions -85 -10 -12 Unit | Note 
an 
Operating Current Toc: [tpc=Minw sf — | ee 


TTL Interface RAS, 
CAS = Vin> 

Dout = High-Z 
CMOS Interface RAS, 


CAS = Vcc -0.2V 
Dout _ High-Z 


RAS-Only at 


RAS = Vin, 
Dout = Enable 
CAS-Before-RAS Ben 


Input Leakage Current OV < Vin = 7V -10 


Output Leakage I OV < Vout = 7V, 
Current LO | Dour = Disable 


Output High Voltage 
Output Low Voltage Low Iout = 4.2mA 
NOTES: _ 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 
2. Address can be changed less than three times while RAS = Viz. 
3. Address can be changed once or less while CAS = Vin. 





i 








Standby Current Iec2 


_— 


cS, lle 


Se = 
4, S |S 5 






No 





Standby Current Iccs 





Fete DD TD Te 
[a= [> Be 
epee ele e 





Ms 
N 
ON 


ron al= 
60 = iN Go| & 


ON 
i?) 
i) 
A) 
—~) 
ON 
= 
ee) 


/s|s 


< 
Q 
fo) 


= a er ee 
els| s |e] 2 
ol< 

ee] = |e 


ie 
+; Oo 
= 
> 


Ml CAPACITANCE (T, = 25°C, Voc = 5V + 5%) 


Parameter Symbol Typ. 
Input Capacitance (Address) 
Input Capacitance (WE) 


Input Capacitance (RAS) Cp 


Input Capacitance (CAS) | Cy | — | 
Output Capacitance C 
(DQo9-DQ7, DQ9-DQi¢, DQig-DQy5, DQ27-DQ34) uO} 


Output Capacitance - 
(DQs, DQ17, DQ26, DQ35) 1/02 


NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vyy to disable Dout. 
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HB56D25636B-85/10/12 


M@ AC CHARACTERISTICS (T, = 0 to 70°C, Voc = SV + 5%, Vgg = OV) (1), (2) 
e Read, Write and Refresh Cycle (Common Parameters) 


| 
Parameter Symbol Min. | Max. Max. Max Note 
Random Read or Write Cycle Time | tee | 1600 | — | 190 | — | 220 | — | os | 
Column Address Hold Time toRAS | tar | 60 | — | 75 | — | 90 | — | os | 
RAS to Column Address Delay Time | trap | 17 | 45 | 20 | 55 | 20 | 65 | os | 
RAS Hold Time troy 25 = 25 = 30 = ns 
Transition Time (Rise and Fall) | tp | 3 | 5o | 3 | 5so | 3 | 50 | ns | | 
e Read Cycle 
| 
= Min. Min. = 
Access Time from Address tad | — | 4 | — | 45 | — | 55 | os | 3,5 
Column Address to RAS Lead Time | tra | 40 | — | 45 | — [| 55 | — | os | 
e Refresh Cycle 
| 
seat es 
WEieon [= [e[-[ =] - [> |- T= 
(CAS Before RAS Refresh Cycle) Pk 
BiSrtsman [|= |— [= |—[*[- [> 
RAS Precharge to CAS Hold Time | tree | 15 | — | 1 | = | 8 | = | ns | 
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e Write Cycle 


HB56D25636B-85 | HB56D25636B-10 | HB56D25636B- 12 


Parameter Symbol Unit | Note 
Write Command Setup Time twes <* 


= ve ee 
Pee ee ee 
ie 2s eee 
fe eee ee 
Psa ee UE eee) Oe da 
ae et eee ee 
2 es Ese 


Write Command Hold Time 

Write Command Hold Time to RAS 
Write Command Pulse Width 
Data-In Setup Time 

Data-In Hold Time 

Data-In Hold Time to RAS 


— 
| 20 | 
| 65 
p | 5 
a 


No 


a] 


Cis [= [90 


—-+ | ot 
z 18 |6 
~A io 


e Fast Page Mode Cycle 


Max. ee 
Pat ae 
eis he | 20 | 
ee 


pond, 


Parameter Symbo 


- 
ON 
v7 


Fast Page Mode Cycle Time PC 


Fast Page Mode CAS Precharge Time tcp 
| 80 
poeta 
oe. 


NO 
>) 


wal 


Fast Page Mode RAS Pulse Width tance 
Access Time from CAS Precharge tacp | 50 | — | 60 | 
RAS Hold Time from CAS Precharge 50 | — | so | — | 0 | — | 


NOTES: 1. AC measurements assume tr = Sns. 


2. Assumes that tpcp <= trcp (max.) and trap < trap (max.). If tacp or trap is greater than the maximum 
recommended value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100pF. 
. Assumes that tpcp = trcp (max.), tRap S trap (max.). 
. Assumes that tpcp < trcp (max.), trap = trap (max.). 


Nn & WD 


. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
7. Vin (min.) and Vy, (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vyy and VIL. 
8. Operation with the trcp (max.) limit insures that trac (max.) can be met, trcp (max.) is specified as a reference 
point only, if tacp is greater than the specified trcp (max.) limit, then access time is controlled exclusively by tcac. 





9. Operation with the trap (max.) limit insures that trac (max.) can be met, trap (max.) is specified as a reference 
point only, if trap 1s greater than the specified trap (max.) limit, then access time is controlled exclusively by taa. 


10. Early write cycle only (twcs = twcs (min.)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 


12. An initial pause of 100s is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). 


13. trasc defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of ta, or tcac or tacp. 
15. trer defines is 512 refresh cycles. 
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@ TIMING WAVEFORMS 





¢ Read Cycle 
tre 
| ans 
tT : 
it 
ee rg 
tasR 


tRRH 
tre 


a 


tRaD = 
pee a | 
Address NN pel CLAY Li 


High-Z 
Din ; 
{11/4 . Don't care 
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e Early Write Cycle 


| tre 
RAS ‘ : 
tT 
sits 


tcsH 
tray tasc 





CAS 
tasR 


: 


tRAD 


naan eeeeee ye! 
address ZZ __ Row KL co 


un LLLLLLLLL LLL 


(ae ee aaeaee 
Ga 
< 


f 


tpH 


Dout LLLLLLLLLLLLL LLM JRLLLLLLILLLLLLLL LL LL 
HITACHI 
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e RAS Only Refresh Cycle 


RAS 


CAS 


Dout 


| tre 
trPc 
one 


tRAH 
tasR 


pdaress LDA RLLLLLILLLLLLLLLLLLLILLLILLLILL LLL 2 


= 


E : Don't care 


2 SLL LS : Don't care 


e CAS Before RAS Refresh Cycle 


RAS 


CAS 


1000 


tRc 


or 


1 Address, Din: Don't care 
2 Dout: High-Z 


3V////) : Don't care 
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RAS 
CAS 
tas” Ha tasc Jeb 
Address : 4 cata isis Column 2 
WE 
Dout ¢ ousuin 2 
Din High-Z 
V///./4 > Don't care 
© HITACHI 
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e Fast Page Mode Early Write Cycle 





aa tRASC 
oe se : BS am _ 
WE TI Vogt» MZ 
Dott ALLL LLIR Kote DD wottn KILL 
on High-Z 
: Don't care 
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524,288-Word x 36-Bit High Density Dynamic RAM Module 














Ml DESCRIPTION Ze ere —" 
The HB56D51236B is a 512K x 36 dynamic RAM module, : Bon 
mounted 16 pieces of 1Mbit DRAM (HM514256JP) sealed in SOJ 38 
package and 8 pieces of 256Kbit DRAM (HM51256CP) sealed in 3 Vss 
PLCC package. An outline of the HB56D51236B is 72-pin single in- 4 | DQ | 40 | CASO 
line package. Therefore, the HB56D51236B makes high density 5 DQ, | 41 | GAS) 
mounting possible without surface mount technology. The ———— 
HB56D51236B provides common data inputs and outputs. Decoup- 6 DQ) CAS3 
ling capacitors are mounted beneath each SOJ and PLCC but only 7 CASI 
on the one side of its module board. 8 DQ; RASO 
m@ FEATURES 9 RASI 
e 72-Pin Single In-Line Package 10 Vee NC 
: Seay nee Sane ee ee eee ee eer 1.27mm ! ie 
e High Speed | Ao | 48 
Access Time. ........0.0cceceeeeees 85/100/120ns (max.) 13 DQs 
e Low Power Dissipation 14 DQ, 
Active Mode ...............0000- 4.58/3.91/3.36W (max.) 15 DO 
Standby Mode............ 0.000 cece eens 252mW (max.) : - 
e Fast Page Mode Capability 16 DQos 
e 512 Refresh Cycle ...... 0.00... ccc cece cece eee eens 8ms 17 DQ,, 
e 2 Variations of Refresh 18 DQ, 
RAS Only Refresh 
CAS Before RAS Refresh ee DQi2 
¢ TTL Compatible 20 DQ3o 
21 DQ 57 DQ 
@ ORDERING INFORMATION eal ae = 
22 DQ; DQ3, 
Package 23 Voc 
eee 72a i 2 
Socket Type 25 | Dds | 61 | DQ. 
HB56D51236B-12 
26 | DQ DQs3 
m PIN OUT 27 DQs 
28 | Ar | | Ds 
z Di 
30 Vec | 66 | NC 
rant — 35 NC 
F a6 [Da Vs 
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@ PIN DESCRIPTION @ PRESENCE DETECT PIN ARRENGE 
Pin Name Function 
Ao ~ Ag Address Input 
Ao ~ Ag Refresh Address Input 
DQo ~ DQ35 Data-In/Data-Out 
CASO ~ CAS3 Column Address Strobe 
RASO ~ RAS3 Row Address Strobe 
WE Read/Write Enable 
Vcc Power Supply (+5V) 
Vss Ground 
PD, ~ PD, Presence Detect Pin 
NC Non-Connection 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter Unit 
Voltage on Any Pin Vv 
Relative to Vss v 
Supply Voltage Relative to Vss Vcc -1.0 to +7.0 V 
Short Circuit Output Current a eee eee eee mA 
Power Dissipation Ww 
Operating Temperature [€ 
Storage Temperature “Cc 
@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 

Parameter [Symbol_[ Min. | Typ. | Max. | Unit | Not 

Sioply Vales aa ee TE EO ae 
Vec 
Input High Voltage wi fee os we 
Input Low Voltage Vu | -to | — | o# | v | 1 


NOTE: 1. All voltage referenced to Vss. 
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@ BLOCK DIAGRAM 
RAS1 


RAS3 








RAS CAS 
DQ35 i Din/out M7 


A0~A8 e——————_> D0~D 15, MO~M7 
WE e—————» D0~D15, MO~M7 


*DO~D15 : HM514256JP Veco @—-—,———> D0~D15, MO~M7 
C0~C11 


MO~M7 : HM51256CP Vss o——lO—————» 00~D15, MO~M7 
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M@ PHYSICAL OUTLINE 


Unit: —— ae 


107.95 
4.25 
: 9 40 max 
: 037 | 








w ‘ ' P| pi PSL 
wo -onteeeeerenmmnerenen~ Manna AMM TTTT NN 72 


Nene 


2.03 127 ‘ 6.35 S77 ft x2 
0 08 0.05 ’ 0.25 0.041 vaio 





R1.57_, 


535 44,45 R 0.052 44,4 A_ 1.194 | 1,372 (122 rp) 
025 1.75 1.75 0.047 ~ 0.054 \d0s 


Note: The plating of the contact finger is gold. 


’ Trvunvuplnhuh vo uo o TUNVtTuid tl o ito vo OD 
JUUUJUUJUUJUUUUUUUUUJUUJUUJUUUUUUUUU UU UU UU UUU JU UU UU UU UU UU 


( ) G Dou YG wy w ww & 
——- ornare 9 : y Bb © ~ 
4 + + ' 

-—<——i § : bt zz el 
Pg : 
- + Pg yg b g : 
; i eq 5g  g » 
5 t a : U Dp 

: g | hg h ¢ : 

—- = \ PY ¥ YG at’ —s 


Detail A 





Detail B 


0.25 max. 
jae 0.010 
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™ DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V + 5%, Vsg = OV) 















HB56D51236B 
Parameter Symbol Test Conditions | 85 | 10 -12 Unit | Note 
Max. Max. 

Operating Current | Tor [tac=Min. | — | 82 | — | #4 | — | 40 [ma | 1,2 
TTL Interface RAS, 
CAS = Vip, 48 48 48 | mA 
D = High-Z 

Standby Current Icc? = : —— 
CMOS Interface RAS, 
CAS = Vcc -0.2V 24 24 24 | mA 
Dout = High-Z 

RAS-Only — MV; 





RAS = Vin; 
CAS = ViL> 
Dout = Enable 


CAS-Before-RAS I ey 

Refresh Current eh RC : 

Input Leakage Current OV < Vin = 7V ~ 
Output Leakage I OV < Vout = 7V, 
Current LO | Dour = Disable 
Output High Voltage HighIonyp =-5 mA | 2.4 
Output Low Voltage Low Igyr = 4.2mA 0.4 


NOTES: 1. Icc depends on output load condition when the device is selected, Icc max. is specified at the output open condition. 


12 


Joram 


Standby Current lees 


~J 
N 
as 


— 
a 
a) 
nN 


[= BLE [3] 8 
ee 


fa] 
oO of 
N ~l 
= un 
eS S 
_= 
nN 
oO 
— 
N 
lo) 


© 
> 
© 
& 


< 
Q 
QO 


< 
QD 
Q 
N 
hb 
< 
Q 
-D 


2. Address can be changed less than three times while RAS = Vj. 
3. Address can be changed once or less while CAS = Vjq. 


mM CAPACITANCE (T, = 25°C, Vcc = 5V + 5%) 


Parameter [Symbot_[ Typ. Max. [Unik [Now 





Input Capacitance (Address) Cu 161 1 
Input Capacitance (WE) 


Leena! 
cee ae 
Input Capacitance (RAS, CAS) | Cp | — | 
Output Capacitance 
(0y-DO» DQo-DQi6, DQig-DQr5, DQ27-DQ34) | cor | - | 2% | pr ve 
Output Capacitance Ge | | 
(DQg, DQi7, DQo6, DQ35) la 
NOTES: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vix to disable Dout. 
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@ AC CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 5%, Vsg = OV) (D, (2) 
e Read, Write and Refresh Cycle (Common Parameters) 


Parameter 


Random Read or Write Cycle Time 
RAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 

Row Address Setup Time 

Row Address Hold Time 

Column Address Setup Time 
Column Address Hold Time 


Column Address Hold Time to RAS 


RAS to CAS Delay Time 


RAS to Column Address Delay Time 


RAS Hold Time 

CAS Hold Time 

CAS to RAS Precharge Time 
Transition Time (Rise and Fall) 
Refresh Period 


e Read Cycle 


Parameter 


Access Time from RAS 

Access Time from CAS 

Access Time from Address 

Read Command Setup Time 

Read Command Hold Time to CAS 
Read Command Hold Time to RAS 
Column Address to RAS Lead Time 
Output Buffer Turn-Off Time 


e Write Cycle 


Parameter 


Write Command Setup Time 

Write Command Hold Time 

Write Command Hold Time to RAS 
Write Command Pulse Width 
Data-In Setup Time 

Data-In Hold Time 

Data-In Hold Time to RAS 


1008 


ll 


tpHR 


| 
Fire | 160 | — | wo | — | 20 | — | os | 
teas | 80 | 10000 j0000 | 120 | 10000 [ns _| 
teas | 25 | 10000 | 25 | 10000 | 30 | 10000 [ns _ 
Ptuse | 0 | — | o | — | o | — | os | 
Fran | 2 | — | os | — | os [ — [os | 
Ptasc | 0 [| — | o [| — | o [ — [ os | 
Ptcan [| 20 [ — | 20 [| — | 25 [ — | ms | 
Ptae | 6 | — | 7 [| — | 9% [ — | os | 
Peo | 22 | 55 | 25 | 75 | 25 [| 90 | ws | 8 
Tran | 7 | 45 [| 20 | 55 | 20 | 65 | ms | 9 
Pixs | 25 | — | 25 | — | 30 | — | os | 
tcsH 85 oa 100 — 120 ~ nis 
Pte | 1 | — | 0 | — | o | = [as 
Pr | 3 | 5 | 3 | 5 | 3 | so | ms | 7 
Ptr | — | s |—- | s |-|[s [ws 
a 
Max. 
Pteac | — | 85 | — | 100 | — | 20 | ns | 23 
Ptceac | — [| 25 [| — | 2 | — [ 30 [ ms [3,4 
Pts | — | 4 | — | 4s | — | 55 | os [3,5 
Pies | o [| — | o | — | o [ — | os | 
Pcn | 0 | — | o | — | o [ — [os | 
Pees | 0 [ — [| 0 | — | 0 | — | os | 
Pte | 4 [ — | 4 [ — | 55 | — [os | 
P tor | 0 | 2 | o [| 2 [| o | 30 | ms | 6 
| 
= 
Piwes | o | — | o | — | o | — | os | 10 
Ftwen | 20 | — | 2 | — | 30 [ — | os | 
twee | 65 | — | | — | 95 | — | os | 
twe | 5 | = | 2 | — | 2 | = | os | 
Ts | o [| — | o [| - | o | - [ws] a 
P20 [| — | 2 | — [as | = [os | 
po | - | s [= | | [ws | 


ot 
~) 
ak 
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e Refresh Cycle 


HB56D51236B-85 | HB56D51236B-10 | HB56D51236B-12 . 
; : : Unit | Note 
in. ; ; ax. : Max. 


Parameter Symbol M 


CAS Setup Time io ei 

(CAS Before RAS Refresh Cycle) 'CsR 

CAS Hold Time 

CASteore HS eter cys) | cm | 20 | — | | — | | - | 
ss f= es 


RAS Precharge to CAS Hold Time 


e Fast Page Mode Cycle 


HB56D51236B-85 | HB56D51236B-10 | HB56D51236B- 12 . 
Parameter Symbol Unit | Note 


Fast Page Mode Cycle Time | tp | 55 | — | 

eed 

Fast Page Mode RAS Pulse Width | trasc | 80 | 100000 
bs 


Access Time from CAS Precharge 


RAS Hold Time from CAS Precharge | truce | 50 | — | 


1. 
om 


NOTES: 


nn & WD 


10. 
11. 
12: 


13. 
14. 
15. 


Min. [ Max. [Min [ Max. | Min. | Max. 


— 
al 2 S 
© 54 


AC measurements assume tr = 5ns. 


Assumes that tpcp = trcp (max.) and trap = trap (max.). If tpcp or trap is greater than the maximum 
recommended value shown in this table, trac exceeds the value shown. 


. Measured with a load circuit equivalent to 2 TTL loads and 100pF. 
. Assumes that trpcp = trcp (max.), trap S trap (max.). 
. Assumes that tpcp < trcp (max.), trap = trap (max.). 


voltage levels. 


. Vin (min.) and Vy, (max.) are reference levels for measuring timing of input signals. Also, transition times are 


measured between Viy and Vj. 


. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 


. Operation with the trcp (max.) limit insures that trac (max.) can be met, trcp (max.) is specified as a reference 


point only, if trcp is greater than the specified trcp (max.) limit, then access time is controlled exclusively by tcac. 


. Operation with the trap (max.) limit insures that trac (max.) can be met, trap (max.) is specified as a reference 


point only, if trap is greater than the specified trap (max.) limit, then access time is controlled exclusively by taa. 


Early write cycle only (twcs = twcs (min.)). 
These parameters are referenced to CAS leading edge in an early write cycle. 


An initial pause of 100s is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS-only refresh). 


trasc defines RAS pulse width in fast page mode cycles. 
Access time is determined by the longer of ta, or tcac or tacp. 
treF defines is 512 refresh cycles. 
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@ TIMING WAVEFORMS 
¢ Read Cycle 


trc 
nee en: 


CAS 
tasR : | 
tRAD 








ea ‘ RRH 
WE LLLLLLLLILLLLY i KRLMLLLLLLL 2 
—— re Ff. citi 


High-Z 


Din 1/117 > Don't care 
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e Early Write Cycle 


tre 


7 i 


tT 





tcsH 
tcas 


ie 
ree 


tRaD =) 
sag 
‘im oe oeoaee comma \ ZZ: 


| ee 


m WLLL ME, 
Cee 


DS_. 


Din 


(// 1/4 - Don't care 
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e RAS Only Refresh Cycle 


tre 


- Se) 


t 
wall at 


on 2 ULL 


» EZZZD Dor cn 


(a oo 


RAS | trp 


1 Address, Din: Don't care 
2 Dout: High-Z 


3/44) : Don't care 
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e Fast Page Mode Read Cycle 


tRasc 
= 


Address 7/7 Row C//X Column 1 KM Column 2 D/L Colum NY / f // 7 
etfs 


WE 


Dout 





Din 


1/17, : Don't care 
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e Fast Page Mode Early Write Cycle 


tRASC 


area 


tasrR tasc_. : a 
Address fen FR conn ZA Stn 2 LIA a RL 


ZZ 
YLLLL 


RAS 











CAS 


tweH 








i 
we Z| WA || WD 


| twe_ 
= 
Dott — YYW ints, ZK ints DOKL itn KOZ 


High-Z 
Din 


U1 Don't care 
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HB56A48A/AT/B-8/10/12 
8-Bit DRAM 


4,194,304-Word x 8-Bit High Density = PIN OUT 
Dynamic RAM Module 


@ DESCRIPTION 


The HB56A48 is a 4M x 8 dynamic RAM module, mounted eight 
4Mbit DRAM (HM514100JP) sealed in SOJ package. An outline of the 
HB56A48 is 30-pin single in-line package having Lead types 
(HB56A48A, HB56A48AT), Socket type (HB56A48B). Therefore, the 
HB56A48 makes high density mounting possible without surface 
mount technology. The HB56A48 provides common data inputs and 





Fast page mode capability 
1,024 refresh cycle/16ms 


e 
re 
£ 
N 
ion 
Zz 
QD 


outputs. Its module board has decoupling capacitors beneath each Pin No Pin Name 
! vec | 16 | 
M@ FEATURES 
ae ee ee 
e 30-pin single in-line package 4 ee eee nm 
SAGA DIC ccln tek co B nal soard?e hata oe ea A odds 2.54mm : 10 
e Single 5V (+ 10%) supply 2 DQs 
+ High Speed 6 | pe | | 
ACCOSS IMCs. 0 oo ec ee needa asa eres 80ns/100ns/120ns (max.) fi Vss 
e Low power dissipation 8 DQ. 
—Active mode .... ..... we... eee 3.96W/3.52W/3.08W (max.) 9 Vv 
— Standby Mode .4 2 .si6ia sede teeGohar ew ebawa cs 88mW (max.) = an 
© | a DO 





e 3 variations of refresh e a 2 me 
—RAS only refresh 13 DQ; 28 NC 
—CAS before RAS refresh 14 29 NC 
—Hidden refresh 15 3 

V 

e TTL compatible : ie 

@ PIN DESCRIPTION 
@ ORDERING INFORMATION ; 
Pin Name Function 
Package Ag~ Aig Address Input 
Access Time 30-pin SIP 30-pin SIP Low Profile 30-pin SIP Ao ax Ag Refresh Address Input 
Lead Type Lead Type Socket Type 
RAS Row Address Strobe 
80 HB56A48A-8 HBS56A48AT-8 HB56A48B-8 =—— 
100ns HBS56A48A-10 | HBS6A48AT-10 HBS56A48B-10 WE Read/Write Enable 
DQo ~ DQ? Data-in/Data-out 
120ns HB56A48A- 12 HB56A48AT- 12 HB56A48B- 12 
Vcc Power Supply (+5V) 
Vss Ground 
NC Non-connection 
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HB56A48A Series 


@ BLOCK DIAGRAM 


AO-A10 
RAS 


WE 


Veo 
| | ia a 
Vcc 30 
9 C =0.22uF x 8 
~8Vss 
Vss 22 
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——_—_——_—-——- HB56A48A Series 


@ PHYSICAL OUTLINE 
¢ HB56A48A Series 


5 
—E 
= 
Ye) 
or 











Ri HIBIBIBISIBIG TUE UE UP EI EE PE 
a, be 178! | 
Y 0 10 0.07 
82.14 
7 3234 a366 


A 290 







Note: The plating of the contact Se i 
finger is solder coat. 






Detail A 
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HB56A48A Series 


@ ABSOLUTE MAXIMUM RATINGS 


Voltage on any Pin 

Relative to Vss VT -10 to +7.0 Vv 
Supply Voltage - 

Relative to Vss Voc 1.0 to +70 V 


Short Circuit Output Current Ee ae el mA 


Operating Temperature Topr °C 
Storage Temperature T stg -55 to + 125 °C 


M@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 







Parameter 


Supply Voltage 
Input High Voitage Vin 2.4 — ; Vv j 
NOTE: 1 All voltage referenced to Vss 


¢ DC Electrical Characteristics (T, = 0 to +70°C, Vcc = 5V + 10%, Vss = OV) 


HBS6A48A/AT/B-8 HBS6A48A/AT/B-12 
Parameter Symbol : Unit Test Condition Note 
Min Max Min 


TTL Interface 
mA RAS, CAS a Vin 
Dour = High-Z 
Standby Current Ice? bo] 












CMOS Interface RAS, 
mA CAS = Vcc -0.2V 
Dout = High-Z 
Standby Current Iccs 


RAS a Vin 
40 mA CAS = ViL | 
Dout = Enable 


560 | mA | tpc = min 1,3 


OV < Vin < 7V 


OV < Vout <7V 
Dout = Disable 





Pad 


CAS Before RAS Refresh Current 


Page Mode Current | cer | —_| 720 
Input Leakage Current | oy | -10 | 10 | 


Output Leakage Current lLo Sr 


mA 

pA 

pA 
Output High Voltage Voc oa 1 Wee High Inu: = -5mA 
Output Low Voltage | Vor | 0 | 04 | 0 | : Low lou, = 4.2mA 


NOTE: 1 Icc depends on output load condition when the device 1s selected, Icc max 1s specified at the output open condition 


pe 
o 
© 


o|< 
sla] = |e[ale 
Q 
>) 
a 


2 Address can be changed less than three times while RAS = VIL 
3 Address can be changed once or less CAS = ViH 
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HB56A48A Series 


e Capacitance (T, = 25°C, Vcc = 5V + 10%) 


Parameter Typ. 
Input Capacitance (Address) Cy | | 
Input Capacitance (Clock) Cr fF 
Input/Output Capacitance (DQ 9-DQ7) a ee 


NOTE:  ! Capacitance measured with Boonton Meter or effective capacitance measuring method 


2 CAS = Vjq to disable DouT 


ile nee hs 
jm) Mm] em 
Ss 

; 


¢ AC Characteristics (T, = 0 to 70°C, Vcc = 5V + 10%, Vsg = OV) |. 12, 15 
¢ Read, Write and Refresh Cycle (Common Parameters) 





Read Command Hold Time to CAS 
Read Command Hold Time to RAS tren | 


Column Address to RAS Lead Time tray | 4 


Output Buffer Turn-off Time 


45 5 


-~ 
V] 
> 
— 


HBS6A48A/AT/B-12 | 
eee Max. Min Max. Min Max aa 
Random Read or Write Cycle Time tre | io | — | wo | — | 220 | = | os | 
RAS Pave Wi rn 
CAS Pas Wi ooo | 25 | mmo | 30 | 0000 | ms 
Column Address Hold Time tcaH aie See ae ee 
RAS to Column Address Delay Time | tra | 7 | 40 | 20 | 55 | 2 | 65 | os | 9 
Transition Time (Rise and Fall) te. do ee cc Oe a ee OT 50 I ae | 7 
e Read Cycle 
Min. Min. Max 
Access Time From RAS | — | 20 | os | 2, 3, 16 
Access Time From CAS tS ee 25 | — | 30 | os | 3, 4, 14 
Access Time From Address 45 | — | 55 | ns | 3,5, 14, 16 
Read Command Set-up Time | oo | = | os | 
js | 
ps | 
0 ps | 
Las 


WN 


C0 
25 
a 
a 
a 
aoe 


w 
pi 
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HB56A48A Series 


¢ Write Cycle 


: ' Sani HB56A48A/AT/B-8 | HB56A48A/AT/B-10 | HB56A48A/AT/B- 12 Tae ne 

ae mL Min [Max ee 
Mex | Min | Max | Min. | Max 

Write Command Set-up Time twes 0 | — | o | n 10 


— 
GN 


Write Command Hold Time twcu 
Write Command Pulse Width 


Write Command to RAS Lead Time | trw 


Write Command to CAS Lead Time tcwL | 25 [| om | 


Data-in Set-up Time 
Data-in Hold Time 


o 
= 
~~ 
E 
E 
—) 


Il 
Il 


- 
n 


¢ Refresh Cycle 










Parameter 


HB5S6A48A/AT/B-10 | HB56A48A/AT/B- 12 
ni 

Min. Max. Min. Max. 
CAS Set-up Time 
(CAS Before RAS Refresh Cycle) 





CAS Hold Time 
(CAS Before RAS Refresh Cycle) 


RAS Precharge to CAS Hold Time 


> 
n 














e Fast Page Mode Cycle 


HBS56A48A/AT/B-8 | HBS56A48A/AT/B-10 | HBS56A48A/AT/B-12 : 
Parameter Symbol Unit Note 
Max 
¢ Test Mode Cycle 
HB56A48A/AT/B-8 | HBS6A48A/AT/B-10 | HBS56A48A/AT/B-12 
Parameter Symbol Unit Note 
TC Min. [Max [Min [Max [ Min. [Max 
NOTES: masos 
1 AC measurements assume tp = 5ns Il These parameters are referenced to CAS leading edge in an early write cycle 
2 Assumes that tpcp = trcD (max) and tRAD S trRAD (max) If tpcp or tRAD Is 12 An initial pause of 100ys 1s required after power up followed by a minimum of eight 
greater than the maximum recommended value shown in this table, trac exceeds initialization cycles (any combination of cycles containing RAS clock such as 
the value shown RAS-only refresh) | 
3 Measured with a load circuit equivalent to 2TTL loads and 100pF 13 trasc defines RAS pulse width in fast page mode cycles 
4 Assumes that tpcp = tRCD (max), tRAD = tRAD (max) 14 Access time 15 determined by the longer of taa or tcAc or tacp 
5 Assumes that tpcpD S tRcp (max), tRAD = tRAD (max) 15 Test mode operation specified in this data sheet 1s 8-bit test function controlled by 
6 torr (max) defines the time at which the output achieves the open circuit condition control address bits—RA 10, CA10 and CAO This test mode operation can be 


performed by WE and CAS before RAS (WCBR) refresh cycle Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh 
cycles When the state of eight test bits accord each other, the condition of the 
output data 1s high level When the state of test bits do not accord, the condition of 
the output data 1s low level Data output pin 1s Dout and data input pin 1s Din_In_ 


and 1s not referenced to output voltage levels 


7 Vin (min) and Vit (max) are reference levels for measuring timing of input signals 
Also, transition times are measured between Viy and Vit 


8 Operation with the tacp (max) limit insures that trac (max) can be met, tpcp 


(max) 1s specified as a reference point only, if tRcp 1s greater than the specified order to end this test mode operation, perform a RAS only refresh cycle or a CAS 
tRCD (max) limit, then access time 15 controlled exclusively by tcac before RAS refresh cycle 
9 Operation with the trap (max) limit insures that trac (max) can be met, tRAD 16 Ina test mode read cycle, the value of trac, tad and tacp 1s delayed for 2ns to 5ns 


(max) 1s specified as a reference point only, if trap 1S greater than the specified 
tRAD (max) limit, then access time 15 controlled exclusively by taa 


10 Early write cycle only (twcs = twcs (min)) 17 


for the specified value These parameters should be specified in test mode cycles by 
adding the above value to the specified value in this data sheet 


tREF defines is 1,024 refresh cycles 
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HB56A48A Series 


@ TIMING WAVEFORM 








e Read Cycle 
tac 
RAS eT | MAE 
tT 
tcRP 
He 
tasR 


tRAH 
tasc 


fie 
address DMC ome KZ cams KLILIEEEZEEEEZZE 


Valid 
Dout is as 


High-Z 


Din W/72 Don't care 


trad 


‘a 


RCH 


: 
i 


e Early Write Cycle 


RAS 





— 
+ 


ie toe de Sc OSH 
a 
CAS 





de 


— 
Bs 
ane ‘namie mamma 


ie | 
aE LLL WLLL LLL. 


Dout LLLLLLLLLL LLL, JRLLLLLILLLLLLLLLLLL LL 
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HB56A48A Series 


¢ RAS Only Refresh Cycle 


tro 


a 


CAS ly ROLLLLLLL 
Address lip qT Row 
Dout ERR 


2 1 f) : Don't care 


e CAS Before RAS Refresh Cycle 


RAS 


CAS 





1 Address, Din Don't care 


2 Dout. High-Z 


3 . Don't care 


4 WE =VIH 


e Hidden Refresh Cycle 


tre 
tras tap tras tras 
_ — = a 
“ = 


tcHR 
CAS tasr 
a 
Address = otic moma Ay, ~ CL, 
Dout 
W477 : Dont care 
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HB56A48A Series 


e Fast Page Mode Read Cycle 


- =a _ =e 








CAS i 
tasr Naa 
Address eal aoe ae coum N ROS L LLL 
WE mi a re 
Dout en. | iS 
t 
Din o High-Z 





Gf : Don't care 


= SS Ee 


IZ LLL {fi op Zz 


to 


Dout IIL KO EM EI LLLLLLL 


Din High-Z 


CAS 
tasr 


Address 





“Dont care 
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HB56A48A Series 


° Test Mode Cycle 


— marian >| No 
matane 
" L| Mi Z 


s, Din 


e Test Mode Set Cycle 











VE LD 


ee | alll 


1 (ZZ24 : Don't care 
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5 
wl OG 
o 4 


> 
2. 
a 





a" 
al ® 
oom 


© 


a 


AS 


HB56A48A Series 


renee 


Yt, 7a LLL 


(/2/ 4° Don't care 


” ie 
7 ZL | CMM 


es a MMM 


(AX0-AX9) 
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HB56A49A/AT/B-8/10/12 
9-Bit DRAM 


4,194,304-Word x 9 Bit High Density @ PIN OUT 
Dynamic RAM Module 


@ DESCRIPTION 


The HB56A49 is a 4M x 9 dynamic RAM module, mounted nine 4Mbit 
DRAM (HM514100JP) seated in SOJ package. An outline of the 
HB56A49 ts 30-pin single in-line package having Lead types 
(HB56A49A, HB56A49AT), Socket type (HB56A49B). Therefore, the 
HB56A49 makes high density mounting possible without surface 





mount technology. The HB56A49 provides common data inputs and Pin No Pia Name 
outputs and also provides separate I/O on parity bit for parity check. Its 
module board has decoupling capacitors beneath each SOU. l | Vee Of 6 DQ4 
2 |S as 
e 30-pin single in-line package 4 FAT Aw 
— MC io deceit e Marina veccheren Gis alec panei we 2.54m 
wi ee es DQ 
e Single 5V (+ 10%) suppl == 
ag. 6 | pa | 2 | we 
e High Speed 
ACGOSS NING: session ak Buc gk eal ne ewes 80ns/100ns/120ns (max.) 7 Ay Vss 
e Low power dissipation 8 A3 DQ. 
—Active mode ............... 4455mW/3960mW/3465mW (max.) 9 NC 
—Standby mode ........... 0... cece eee 99mW (max.) 10 DQ, 
e Fast page mode capabillit 
scien nenu Ry u PQ 
e 1,024 refresh cycle/16ms 2 RAS 
© 3 variations of refresh = 
—RAS only refresh 13 DQ; Bes 
—CAS before RAS refresh 14 PD 


e TTL compatible 





@ ORDERING INFORMATION m@ PIN DESCRIPTION 
Package a Pin Name Function 
Access Time 30-pin SIP Low Profile 30-pin SIP Ay~Ajo | Address Input 
Oe ee Re pocket ype Ag ~ Ag Refresh Address Input 


80ns HBS6A49A-8 _| HBS6A49AT-8 HB56A49B-8 RAS Row Addrese Strobe 
GAS, PCAS Address Strob 
100ns HBS56A49A-10 | HBS6A49AT-10 HBS6A49B-10 ake ge cl a al 
WE Read/Write Enable 
120ns HBS6A49A-12 | HBS6A49AT-12 HBS6A49B-12 DQ)~DQ, | Data-in/Data-out 


PD Parity Data-in 

PQ Parity Data-out 

Vcc Power Supply (+5V) 
Vss Ground 

NC Non-connection 
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HB56A49A Series 


@ BLOCK DIAGRAM 


Ao 4 
ai © 
A2 





9 le C = 0.22uF x 9 
Vss = 
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HB56A49A Series 


@ PHYSICAL OUTLINE 
e HB56A49A Series 


a 
E 
= 
re) 
N 


Unit: a 












3 \ 8884 agg 


2a ae = 
‘iad re 0.07 
a 
ee ae aeee 
282. 





Note: The plating of the contact 
finger is solder coat. 
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HB56A49A Series 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Value Unit 


Voltage on any Pin 


Relative to Vsg -1.0 to +7.0 V 


T 


=i 


Supply Voltage 


Relative to Vsg Vcc | ~-1.0to +7.0 Vv 


Short Circuit Output Current ere 5 mA 
Power Dissipation Ww 
Operating Temperature 0 to +70 °C 
Storage Temperature -55 to +125 2C 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


Le ee 
Supply Voltage 

i 
Input High Voltage V 2.4 5.5 V 


IH . | . 


NOTE: 1 All-voltage referenced to Vss 


e DC Electrical Characteristics (T, = 0 to +70°C, Vcc = 5V + 10%, Vss = OV) 


HBS6A49A/AT/B-8 | HBS6A49A/AT/B-10 | HBS6A49A/AT/B- 12 
Parameter Symbol Unit Test Condition Note 
[Mor 
c = min 


Operating Current Icc} 630 tec = 12 
TTL Interface 

RAS, CAS = Vin 
Dou = High-Z 










Standby Current 
CMOS Interface RAS, 
CAS = Vcc - 0.2V 


Standby Current 


CAS Before RAS Refresh Current 
Page Mode Current 


pA |0V < Vin <7V 


Input Leakage Current LI 


| cor] 
RAS Only Refresh Current 


~ 
ND 
on) 
ON 
Qe 
oS 
SS 
>| > 


N 
‘ip 
o|< is 
N 
oN 


|e | -0 | 0 | 
Output Leakage Current Ito a pm | ow eS is Wy 
Output High Voltage Vou Vcc Vcc High Ih, = -SmA 
Output Low Voltage VoL / 04 | o | 04 | v | Low lou = 4.2mA 
NOTE: 1. Icc depends on output load condition when the device 1s selected, [cc max 1s specified at the output open condition 


2 Address can be changed less than three times while RAS = Vi. 
3 Address can be changed once or less CAS = Viy 
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HB56A49A Series 





e Capacitance (T, = 25°C, Vcc = SV + 10%) 


Unit Note 
F 1 

F 1 

F 

F 1 


OD 
S 
K< 
s 
|u| s 
a) a) 


=) 
es 


Parameter Symbol 


Input Capacitance (Address) Ci, 


Ww 
Oo 
a 
N 


Ty 
oe 
N 


Input Capacitance (Clock) 
Input/Output Capacitance (DQ 9-DQ7) 


i) 


Input Capacitance (PD) 


ie) 
io) 

ty 

oO 


Q}O 
BS 1S 


Output Capacitance (PQ) 


NOTE: 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 


2 CAS = VjqH to disable DouT 


e AC Characteristics (T, = 0 to 70°C, Vcc = 5V + 10%, Vss = OV) |. !2, 15 


¢ Read, Write and Refresh Cycie (Common Parameters) 


HBS6A49A/AT/B-8 | HB56A49A/AT/B-10 | HB56A49A/AT/B- 12 








Parameter Symbol ae Rea Mn 7 oes Nie Note 

Random Read or Write Cycle Time tre | wo | — [| wo | — | 220 | | ns | 

RAS Precharge Time tee | 7 | -— | 8 | — | 9% | — | os | 

RAS Pulse Width | tras | 80 | 10000 | — 100 120 10000 | ns __ 
“CAS Pate Wi on 

Column Address Hold Time tCAH | so | — | 20 | -— | 2 | = | os | 

RAS to CAS Delay Time 22 25 90 8 

RAS to Column Address Delay Time 17 ee ea ae 65 ns 9 

Transition Time (Rise and Fall) 7 
e Read Cycle 

Parameter Symbol fA s : ; Mie Unit Note 

Access Time From RAS trac 120 2, 3, 16 

Access Time From CAS tcac 5 3, 4, 4 

Access Time From Address AA 5 5 3,5, 14, 16 


Read Command Set-up Time trcs 
Read Command Hold Time to CAS 
Read Command Hold Time to RAS 


Column Address to RAS Lead Time 5 


f 


os ~~ - 
a a Nag 
a [rt = 
ras) _— 
= 

oA) 

or S 
~m _ 
Nn nN 


So 


Output Buffer Turn-off Time 
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HB56A49A Series 


e Write Cycle 


| Min. | Max. | Min. | Max. | | Min. | Max. | 


e Refresh Cycle 


Pa Sebel HB56A49A/AT/B-8 | HB56A49A/AT/B-10 | HBS6A49A/AT/B-12 Unit | Not 
rameter mbo ni ote 
y Min. Max. | Min. | Max 


CAS Set-up Time 

(CAS Before RAS Refresh Cycle) CSR 

CAS Hold Time 

(CAS Before RAS Refresh Cycle) ‘CHR pw | - = 25 p= | as | 


RAS Precharge to CAS Hold Time trec 10 10 _ 10 


e Fast Page Mode Cycle 


Parameter Symbol 


eae 


Pgs be 8 | 

Oe eee i 

[=| 100000 

ae ee ee 


Fast Page Mode Cycle Time 
Fast Page Mode CAS Precharge Time tcp 

Fast Page Mode RAS Pulse Width trasc 
Access Time From CAS Precharge tacp 
RAS Hold Time From CAS Precharge trHCP 


fond 
i") 
Q) 


wr 
vi) 


¢ Test Mode Cycle 


Parameter Symbo 


| 


ot 
= 
n 
~n 


HB56A49A/AT/B-8 | HB56A49A/AT/B-10 | HB56A49A/AT/B-12 Unit N 
ni 


Test Mode WE Set-up Time 


Test Mode WE Hold Time twH 20 20 
NOTES: 

| AC measurements assume tr = Sns 11 These parameters are referenced to CAS leading edge 1n an early write cycle 

2 Assumes that tkcD = tRCD (max) and tRaD < tRAD (max) If tRcp or tRAD 1s 12 An initial pause of 100us 1s required after power up followed by a minimum of eight 
greater than the maximum recommended value shown in this table, trac exceeds initialization cycles (any combination of cycles containing RAS clock such as 
the value shown RAS AS-only refresh) 

3 Measured with a load circuit equivalent to 2TTL loads and 100pF 13 trasc defines RAS pulse width in fast page mode cycles 

4 Assumes that t2CD 2 tRCD (max), tRAD © tRAD (max) 14 Access time 1s determined by the longer of ta or tcc or tacp 

5 Assumes that tgcD S tRCD (max), tRAD 2 tRAD (max) 15 Test mode operation specified in this data sheet 1s 8-bit test function controlled by 

6 toFF (max) defines the time at which the output achieves the open circuit condition control address bits—RA10, CA10 and CAO This test mode operation can be 
and 1s not referenced to output voltage levels performed by WE and CAS before RAS (WCBR) refresh cycle Refresh during test 


mode operation will be performed by normal read cycles or by WCBR refresh 
cycles When the state of eight test bits accord each other, the condition of the 
output data is high level] When the state of erght test bits do not accord, the 


7 ViH (min) and Vi (max) are reference levels for measuring timing of input signals 
Also, transition times are measured between Vi and VIL 


8 Operation with the tpcp (max) limit insures that trac (max) can be met, tRcD condition of the output data ts low level Data output pin 1s Dout and data input pin 
(max) 1s specified as a reference point only, if tpcp 1S greater than the specified 1s Din_In order to end thts test mode operation, perform a RAS only refresh cycle 
tRAD (max) limit, then access time ts controlled exclusively by tcac or a CAS before RAS refresh cycle 

9 Operation with the trap (max) limit insures that trac (max) can be met, tRAD 16 Ina test mode read cycle, the value of trac, taa and tacp 1s delayed for 2ns to Sns 
(max) 1s specified as a reference point only, if tRAD 1S greater than the specified for the specified value These parameters should be specified in test mode cycles by 
tRAD (max) limit, then access time 1s controlled exclusively by taa adding the above value to the specified value in this data sheet 

10 Early write cycle only (twcs = twcs (min)) 17 trer defines 1s 1,024 refresh cycles 


© HITACHI 
1032 Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 





@ TIMING WAVEFORM 
e Read Cycle 


RAS 


CAS 


Address 


e Early Write Cycle 


RAS 


CAS 


Address 
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HB56A49A Series 


Tac 


SS ee 
ae 


fr a 
l___tcas | 


trap aa 


= cia pees 
Zt KY A a 


at 


Se ee 


~— 





T 


i 
bit 


tasr\ 


W///, . Don’t care 


trac 


oes Gene. 
eee 
| tcrp | 
TE 
Ee | VUsssAsAA 


twes 


MLL LLLLLLLLLLLILD Se 


tos _, 





tr 


LLLLLLLLLL LLL, KRALLLLLL LLL LLL LL LLL 
: Don't care 
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HB56A49A Series 


e RAS Only Refresh Cycle 


trc 


at Sc | 


wel) oy 


CAS Vy RLLLLL LL 
address LD ROLL LILLIE LLL LL 
Dout Te 


2 4/4 . Don't care 


¢ CAS Before RAS Refresh Cycle 


RAS 


CAS 





1 Address, Din Don't care 


2 Dout High-Z 


3 G44 . Don't care 


4 WE =VIH 
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HB56A49A Series 


¢ Hidden Refresh Cycle 


tras tRAS 
~ | a: 
RAS 


st ae 
CAS tasr i ji 
: | 
Address ee ae cetera aeccaene fae 
taRH 
= | bop 
. ~— ee 


Dout 





72 . Don't care 


e Fast Page Mode Read Cycle 





trasc 
RAS tr tcsH tec Lt 
taco tcas To lied tcas hme torp 
_ oo NIL 
easels a 
(= KON 


| Js 
Address [Column BE PRT coun 2 BRA/ PR coumn ROSA LLY SSS, 
4 a 
Palme = 


WE 


7 v. dl y | X77 
ia Valid Valid 
Dout {oust _f Pe} bs 


Din High-Z 








W477, Don't care 
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HB56A49A Series 


e Fast Page Mode Early Write Cycle 


1036 


trasc 





RAS - a = tas Shed 


Address fF Row =< co ae dp; = GSLLLLLLL 


sibaoap 777 
Dott LLL LLLP _wets RDA, rot’? POZA vtn KYL 


Din High-Z 


. Don't care 
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¢ Test Mode Cycle 


Reset Cycle . | Normal 


Set Cycle Test Mode Cycle 
~ Wawasan 


¢ Test Mode Set Cycle 


OPEN 











Dout 
1 (A444 . Don't care 
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™@ TEST MODE RESET CYCLE 


‘ ~ RAS Refresh Cycle — ~ 
~ Rath 
We eft Leet fee 
Mt Mii CG SA 


(/// 4° Don't care 


ons ty zs _ LL 
sass LIK KYL 
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HB56D136B-8/10/12 
36-Bit DRAM 


1,048,576-Word x 36-Bit High Density Dynamic ™ PIN OUT 
RAM Module 


@ DESCRIPTION 


The HB56D136B is a 1M x 36 dynamic RAM module, mounted 

8 pieces of 4Mbit DRAM (HM514400JP) sealed in SOJ package and 

4 pieces of 1Mbit DRAM (HM511000AUP) sealed in SOJ package. An 
outline of the HB56D136B is 72-pin single in-line package. Therefore, 
the HB56D136B makes high density mounting possible without surface 
mount technology. The HB56D136B provides common data inputs and 





outputs. Decoupling capacitors are mounted beneath each SOU. Pin Pin Pin Pin Pin Pin 
No Name | No Name | No Name | No Name 

@ FEATURES 1 | Ys NC DQn DQ 

¢ 72-pin single in-line package ile et DQss D0 
==b6aG PliCh scence ooh wha os Gee eee ase yas 1.27mm 3 | DQis | DQ>) DQ:3 

© Single 5V (+ 5%) supply 4 | Po a 

* High Speed 5 
Access time.... 0 ..........0 ce cee eee 80ns/100ns/120ns (max.) 6 | DQ; DQ. | CAS; ta ie DQ 

e Low power dissipation 7 | DQdo DQ 4 CAS, | 61 | D 
—Active mode ..................04. 5.25W/4.62W/3.99W (max.) 8 RASy 
—Standby mode ...... 2.2... eee ee eee 126mW (max.) 5 


e Fast page mode capability 


10 
e 1,024 refresh cycle/16ms i we 
e 2 variations of refresh 
12 NC NC 
—RAS only refresh Ene 
—CAS before RAS refresh 13 PD, 


PD, 
PD; 
PD, 
NC 


og 
2) 
Sy 


e TTL compatible 


< 2/9 
| ale le |a [2818 


@ ORDERING INFORMATION 16 


Access Time 


nw 

> 

”n 
th 


le) 
re) 
ZS 
ws) 
© 
ts} 


wi iwmwiwi wl wl wl wi ni) NI NI NI NIT NEN LE NENT] NI] — 
KRpmpehi~pE wl nym] Ol, olalrnaieDmsi mst &i wp~ni — | OG] © 


ww FN] — | © or; ™ nie] wi rv Oo] o 4 
os 
‘o) 
YiPVigiy 
8/6|5 15) © 
a B vA Dey 


= 
>l>l>|>|>|>/>/Z1<18/8 
FS ]aA Jf PS ST] 1S LAIR LS | 
S 
2 
c 


a  , an On 








HB56D 136B-8 






72-pin SIP 


Socket Type @ PIN DESCRIPTION 


HB56D 136B- 10 








Pin Name Function 
HBS56D 136B- {2 120ns 
Ag~ Ag Address Input 
@ PRESENCE DETECT PIN OUT Ag ~ Ag Refresh Address Input 
HBS6D 136B DQ9~DQ35_ | Data-in/Data-out 
Pin Name [sons | 100m | CASg ~CAS3 | Column Address Strobe 
ns biel eee 
RASp, RAS, | Row Address Strobe 
PD) | Vss_ | ss | = 
WE Read/Write Enable 
| PD, | Mss | Mss | 
Vcc Power Supply (+5V) 
| PDs | NC | Mss . ——— 
Ss roun 
| PDs | Mss | Mss 





PD, ~ PD, Presence Detect Pin 


NC Non-connection 
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HB56D136B Series 


@ BLOCK DIAGRAM 






vo1 CAS RAS 





v01 CAS RAS 
vo2 


CAS RAS 
Da3s5 Din/out_ M3 


A0~A9 @———-> D0~D7, M0~M3 
WE e———— + D0-D7, M0O~M3 


*DO~D7 : HM514400JP Veo @&————— > D0~D7, M0~M3 
C0~C11 
MO~M3 : HM511000JP Vss DO~D7, MO~M3 
© HITACHI 
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HB56D136B Series 


@ PHYSICAL OUTLINE 


SUPE 


—ol|. 1.04 4 
0.041 4 


Detail A 





; Detail B 
Note: The plating of the contact finger is gold. 


0.25 max. 
== 0.010 
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HB56D136B Series 


@ ABSOLUTE MAXIMUM RATINGS 


Value Unit 
-1.0 to +7.0 V 
-1.0 to +7.0 V 


Parameter Symbol 


Voltage on any Pin | (Input) VIN 


Relative to Vss (Output) | Vout 


— LF) 


Supply Voltage Relative to Vsgs_| Vec -1.0 to +7.0 Vv 
Short Circuit Output Current ge mA 
Power Dissipation 2 WwW 
Operating Temperature 0 to +70 °C 
Storage Temperature -55 to +125 °C 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to +70°C) 


eee oe 
Supply Voltage 
Input Low Voltage Vit — 0.8 V 1 


NOTE: 1 All voltage referenced to Vss 


e DC Electrical Characteristics (T, = 0 to +70°C, Vcc = SV + 5%, Vss = OV) 


HB56D 136B-8 HB56D 136B- 10 HBS6D 136B- 12 
Unit 


Max 


— 


Parameter Symbo Test Condition Note 


Operating Current Icc1 


NO 
ag 
No 


go oO 
a 
i 


Standby Current Icc? 


N 


RAS Only Refresh Current 


Standby Current 





CAS Before RAS Refresh Current 


— nd ad 
QO io) QD 
lon a ww 





N = 
aN 5 
ol!l< oO = 
2 nN 


840 720 tac = min 
Page Mode Current Ioc7 840 720 tpc = min 1,3 
Output Leakage Current Ito po | pel aw Da Bote a 
Output High Voltage Vou 2 Vcc High Io, = -SmA 
Output Low Voltage VoL Low Ij, = 4.2mA 
NOTE: 1 Icc depends on output load condition when the device 15 selected. Icc max 1s specified at the output open condition 


2 Address can be changed less than three times while RAS = ViL 
3 Address can be changed once or less CAS = Vin 
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1042 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HB56D136B Series 


¢ Capacitance (T, = 25°C, Vcc = 5V + 5%) 


Parameter Typ. | Max. =| Unit Note 
Input Capacitance (Address) a ae 
Input Capacitance (WE) | cm | = | 
Input Capacitance (RAS) er 
Input Capacitance (CAS) ee ee eee ee eee 
=a 


Output Capacitance 


Cc 17 F be? 
(DQo-DQ;, DQ9-DQjg, DQig-DQ75, DQ77-DQ3,) vol P 


NOTE: 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS = Vjyp to disable Dout 


e AC Characteristics (T, = 0 to 70°C, Vcc = 5V + 5%, Vsg = OV) 1, 2 
¢ Read, Write and Refresh Cycle (Common Parameters) 





Random Read or Write Cycle Time | tre =| 0 | — [| 90 | — | 20 | ~— | os | 
RAS Pane Wal Tis | 20 | 0000 [mo | mo | 20 | 000 | ws 
TAS Pave Wit cas [28] noo [25 tooo [30 [ooo [ms 
Column Address Hold Time | tan | 20 | — | 20 | = | 2s [| | os | 
RAS to Column Address Delay Time 9 
Transition Time (Rise and Fall) 3 | 50 | 3 | 50 | ns 7 
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HB56D136B Series 


e Read Cycle 


Parameter 


Access Time From RAS 
Access Time From CAS 
Access Time From Address 


Read Command Set-up Time 


Read Command Hold Time to CAS 


Read Command Hold Time to RAS 


Column Address to RAS Lead Time 


Output Buffer Turn-off Time 
e Write Cycle 


Parameter 
Write Command Set-up Time 
Write Command Hoid Time 
Write Command Pulse Width 
Data-in Set-up Time 
Data-in Hold Time 


e Refresh Cycle 


Parameter 


CAS Set-up Time 
(CAS Before RAS Refresh Cycle) 


CAS Hold Time 
(CAS Before RAS Refresh Cycle) 


RAS Precharge to CAS Hold Time 


1044 


- 
ym ni ote 
| Min. | Max. | Min. | Max. | Min. | Max. | 

jteac | — | 8 | — | o | — [| 2 | wm | 23 
ftcac | - {| 2 | - | 3 | - | 9% | m=] 34 
ptm | -~ | @ | - | s | - | 5 [wm | 35 
[tes | 09 | — | o | - | o | - | » | 
ee 

| teen | 1 | —- | © | - jas | 
Ee ee ee ee ee ee 

| tor | o | 2% | o | » | o [| %» [w] 6 
ee ee ee ee ee ee ee 
twcH 20 — 25 — 30 — ns 
Sk ESS 

| tos eee a a ee 

| ton Arcee ae ee 


iy 
—" 


20 


Symbol 


ae 
ES RAES ESE ESS 
ae ee ee ee ee 


0 


tcsR 
tCHR 
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HB56D136B Series 
e Fast Page Mode Cycle 


Parameter Unit Note 


— 
ym 

[min [Max [Min [Mex in [a 

Fat Page Mode RAS Pe Wath | tease |” | 10000 | 00 | oomo | m0 | rom 

C= |» | - |» <a 

Si 


Access Time From CAS Precharge 60 ee 
RAS Hold Time From CAS Precharge zz 


13 
14 


NOTES: 1 AC measurements assume ty = 5ns 


2 Assumes that tpcp < trcp (max) and tRAD S tRAD (max) If trcp or tRAD Is greater than the maximum recommended value shown in this table, trac exceeds the 
value shown 


Measured with a load circuit equivalent to 2TTL loads and 100pF 

Assumes that tpcp = trcD (max), tRAD = tRAD (max) 

Assumes that tpcp <= trcp (max), trap = tRAD (max) 

toFF (max) defines the time at which the output achieves the open circuit condition and 1s not referenced to output voltage levels 


Vin (min) and Vii (max) are reference levels for measuring timing of input signals Also, transition times are measured between Vip and VIL 


CN KH A ee WH 


Operation with the tacp (max) limit insures that trac (max) can be met, trcp (max) 1s specified as a reference point only, if tpcp 1s greater than the specified tpcp 
(max) limit, then access time is controlled exclusively by tcac 


9 Operation with the trap (max) limit insures that tRac (max) can be met, tRap (max) ts specified as a reference point only, if tRAp 1S greater than the specified trap 
(max) limit, then access time ts controlled exclusively by taa 


10 Early write cycle only (twcs = twcs (min)) 
11 These parameters are referenced to CAS leading edge in an early write cycle 


12 An initial pause of 100s 1s required after power up followed by a minimum of eight initialization cycles (any combination of cycles containing RAS clock such as 
RAS-only refresh) 


13 trasc defines RAS pulse width in fast page mode cycles 
14 Access time 1s determined by the longer of taa or tcAc or tacp 
15 trer defines 1s 1,024 refresh cycles 
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HB56D136B Series 


@ TIMING WAVEFORM 
° Read Cycle 


RAS 


CAS 


Address 


¢ Early Write Cycle 


RAS 


CAS 


Address 





—te 
| 
i 


tRAH 


& 
P*] 
a 








tRaD : | 
|_| 
Dam KDR (5 LLL 
1/17 -Don' care 
tro | 





a 
D {KDA XIE DZ 


fia 
LAL HLL 


tos 


LLLLLLLLLLL LLL §_tet_ LLLLLLLLLLLLILLLLL 


: Don't care 
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HB56D136B Series 


¢ RAS Only Refresh Cycle 


trac 


RAS } 

as || OF ILI 
nacross ZK ™ KLE 
Dout ee 


2 W442 Don't care 


e CAS Before RAS Refresh Cycle 


RAS 


CAS 





1 Address, Din. Don't care 


2 Dout: High-Z 


3 V7, Don't care 


4 WE =VIH 
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HB56D136B Series 


e Fast Page Mode Read Cycle 


| trasc 
- i cx: 


, ES Shee 
bse 
ee mee eerie 


> 
wm 





Address " . hes ° LLLLLL2 
LEER | a ig a 

WE / 5 Y 

Dout : : ouput t omae. T owun 

Din High-Z TI wom 


e Fast Page Mode Early Write Cycle 


a, A rcs: |e 
} 1. taco teas. (iy tcap 
RAH tCAH 


* leo Sts 


Eaety | A 
Address DK =o 14, Ware LL) et QCLILLL LL 


twoH 


LLLLLLL007>%\\_ AZ Za MELEE 


> 


tp 


Dott  LLLLLLLL DR _wees KKLIA_wete POLK _wwstn KYL 


Din High-Z 





1 ff) : Don't care 
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HB56D236B-8/10/12 


2,097,152-Word x 36-Bit High Density Dynamic RAM Module 


@ DESCRIPTION @ PIN OUT 


The HB56D236B is a 2M x 36 dynamic RAM module, mounted 

16 pieces of 4Mbit DRAM (HM514400JP) sealed in SOJ package and 

8 pieces of 1Mbit DRAM (HM511000AJP) sealed in SOJ package. An 
outline of the HB56D236B is 72-pin single in-line package. Therefore, 
the HB56D236B makes high density mounting possible without surface 
mount technology. The HB56D236B provides common data inputs and 
outputs. Decoupling capacitors are mounted beneath each SOU but 
only on the side of Its module board. 





Pin Pin Pin Pin Pin Pin Pin Pin 
@ FEATURES No. | Name] No. | Name| No | Name| No. | Name 
° 72-pin single in-line package 1 | vss | 19 | NC | 37 | DQn{ 55 _| DQn 
<=[08G PICK oc iiuclads vi wsae duane teww dee taeeeaeae 1.27mm Z | DQo | 20 | DQ | 38 | DQs5| 56 | DQ3o 
e Single 5V (+ 5%) supply 3 DQ» Vss DQ 
—ACC@SS tIME. 6.66. eee 80ns/100ns/120ns (max) 5 | DQ | 23 DQ,3 CAS, Voc 
Active MOG. i. eee ede s ce bieeess 5.57W/4.94W/4.31W (max.) 7 GAS DQ 
—Standby mode ............. 0.00. c cece eee eee 252mW (max.) Q2o a : 
2 D 
e Fast page mode capability 8 | DQ DQ; RASo| 6 Q33 
qd D 45 RAS D 
* 1,024 refresh cycle/16ms 2 | PQa Q2s ca Qs 
— 10 | V 28 A 46 NC DQ34 
e? cc 7 
variations of refresh = 
—RAS only refresh r WE Ds 
—CAS before RAS refresh 12 NC 
r 


@ ORDERING INFORMATION 


@ PRESENCE DETECT PIN OUT 


HB56D236B 
n [ 80ns | 


”N 
ie 
5 
—_ 


Wa 
le 
7] 9 0 
A 2 \§ |& 
NO nN nN 
wo [oe] ~l 
NOl—=| oO ~] L,) Ww 
a) 
\e) 
N 


Package 





: 







HB56D236B-8 


—, 
On 
BS F r e 
wn . we 
WwW} wo} wi] w 
9 
(2) 
nN 
an 
minl| wn 


oo 
a 
~) 
1) 
fo 2] 


72-pin SIP 


HB56D236B-10 Socket Type 





@ PIN DESCRIPTION 
HB56D236B-12 





Pin Name Function 
Ag ~ Ag Address Input 
Ao ~ Ag Refresh Address Input 
DQo ~ DQ35 -| Data-in/Data-out 
CAS) ~CAS3 | Column Address Strobe 













a RAS) RAS, | Row Ades Sua 
4 SS SS 
PD, ~ PD, Presence Detect Pin 
NC Non-connection 
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HB56D236B-8/10/12 


@ BLOCK DIAGRAM 





CAS RAS CAS RAS 
DQ35. Dinfout M6 Din/out M7 


A0~AQ9 e——-——— D0~D 15, MO~M7 
WE e————+D0~D15, MO~M7 


"DO~D15 .HM514400JP = Vcc «9 #@ > D0~D15, MO~M7 
Co~C11 


MO~M7 : HM511000JP Ves  e——l + 00~D15, MO~M7 
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HB56D236B-8/10/12 


‘ noe na Pi Se one 
SOULE UU eee 


6.35 a 104 \_A 
0.25 0.041 4 





Detail B 


2.54 min. 
0.100 


Note: The plating of the contact finger is gold. 
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HB56D236B-8/10/12 


@ ABSOLUTE MAXIMUM RATINGS 


Parameter _ Unit 
Voltage on any Pin ¥ 
Relative to Vsg vo 
Supply Voltage relative to Vss 
nae ae 
r{ 2 
°C 
Storage temperature stg -55 to +125 °C 


Short circuit output current 
Power dissipation 


Operating temperature Topr 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 


Unit 


z 
& 


Parameter ae 


Supply Voltage 


> 
~) 
v7) 


oO ]s 


5.25 
Input High Voltage 


ae 
- 
ss 
ran) 
i 
HH 


Input Low Voltage 


NOTE: 1 All voltage referenced to Vss 


e DC Electrical Characteristics (T, = 0 to +70°C, Vcc = 5V + 5%, Vss = OV) 


7 HB56D236B-8 | HB56D236B-10 | HB56D236B-12 


reco [= | 900 


— 


Unit Test Condition Note 


Parameter sans vy) 


S 


Operating Current Ic} 


TTL Interface 
RAS, CAS = Vin 
Dout = High- -Z, 


Standby Current Icc2 CMOS Interface RAS, 
erface 


S| 
S| 
n 
V 
< 
<2 
"A 
o 
N 
< 


=— 


Dout = High- -Z, 


pest 





RAS Only Refresh Current Icc3 







: 
< 


3 
> 
-Q 
> 
MN 
Hf] 


Standby Current Iecs ave 


Dout = Enable 


2 8 
S s 


CAS Before RAS Refresh Current | Ioc¢ 1020 780 
Page Mode Current Iec7 | 980. | 780 tpc = min 1,3 


Input Leakage Current 


OV < VouT <7V 
Dout = Disable 


High lout = -5mA 


Low Igyr = 4.2mA 


Output Leakage Current 


-' 
Ce 
04 Do fe: 


NOTE: _ 1. Icc depends on output load condition when the device 1s selected, Icc max 1s specified at the output open condition 


Output High Voltage 


< 


900 
| 900 _| 
E 
feed! 
i Os 


5 if 
° 
FFL 
= ~J 


Output Low Voltage 


2 Address can be changed less than three ttmes while RAS = VIL. 
3 Address can be changed once or less CAS = Vin 
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e Capacitance (T, = 25°C, Vcc = SV + 5%) 


Parameter 
Input Capacitance (Address) 
Input Capacitance (WE) 


HB56D236B-8/10/12 


Unit 
F 


Note 


bh 


— 


1. Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS = Vi to disable DouT 


Input Capacitance (RAS, CAS) 
Output Capacitance (DQo_7, DQo- 16, DQig-25, DQ27-34) 
Output (DQ 17,26,35) 

NOTE: 


pF 
pF 


aa 
N 


co 1'U 
eel 


ao) 
TI 


1,2 


e AC Characteristics (T, = 0 to 70°C, Vcc = 5V + 5%, Vsg = OV) 1,2 
e Read, Write and Refresh Cycle (Common Parameters) 





| Min. | Max. | Min. | Max. | | Min | Max. | 
Random Read or Write Cycle Time te | to | — | wo | — | 20 | — | os | 
RAS Pu Wid Teas | 20 | 0000 | woo | room [0 | ooo | a | 
TAS Pulse Wt cas | 25 | moo [25 | room [0 | 000 | 
RAS to Column Address Delay Time | tran | 17 | 45 | 20 | 55 | 2 | 65 | ns | 9 
Transition Time (Rise and Fall) Raia Beas Sees aes 7 
e Read Cycle 
Parameter sont eerie J eee eae ae arate Unit Note 
Access Time From Address taa | — | w@ | -— [ 4 | -— | 55) | ns | 3,5 
Column Address to RAS Lead Time Ptean | 4 | -— | 4 [| — | 55 | — | as | 
@ HITACHI 
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HB56D236B-8/10/12 


e Write Cycle 


HB56D236B-8 HB56D236B- 10 HB56D236B- 12 
Parameter Symbol 


Unit Note 


Write Command Set-up Time Eee 10 
Write Command Pulse Width twp | so | — [| 2 | — | 2 | — | ns | 


e Refresh Cycle 


Pa Symbol HB56D236B-8 HB56D236B-10 HBS6D236B-12, | | 

rameter ymbo a S 
CAS Set-up Time 
(CAS Before RAS Refresh Cycle) 'csr 


CAS Hold Time se 
(CAS Before RAS Refresh Cycle) {CHR 


RAS Precharge to CAS Hold Time 


e Fast Page Mode Cycle 


HB56D236B-8 HB56D236B-10 HB56D236B- 12 
Parameter Symbol Unit | Note 


Fa Pye Moe RAS use Wier | sc | 0 | wooow | 00 | wowwo | 10 | wooo | wm | 
=p 6 
so | - [a | Tae 


13 
Access Time From CAS Precharge 50 | 60 | ons 14 


| Min. | 
eee 
RAS Hold Time From CAS Precharge. trHcP | -~ | oo | 


NOTES: 1 AC measurements assume tt = Sns 


nN 


Assumes that tpcp = trcp (max) and trap = tRAD (max) If trcp or tRAp 1S greater than the maximum recommended value shown in this table, trac exceeds the 
value shown 


Measured with a load circuit equivalent to 2TTL loads and 100pF 

Assumes that tpcp 2 tRCD (max), and trap s tRAD (max) 

Assumes that tpcp <= trcp (max), and trap = trap (max). 

tOFF (max) defines the time at which the output achieves the open circuit condition and 1s not referenced to output voltage levels 


Vin (min) and Vy, (max) are reference levels for measuring timing of input signals Also, transition times are measured between ViH and VIL. 


on nn & W 


Operation with the tpcp (max) limit insures that trac (max) can be met, trcp (max) 1s specified as a reference point only, if tpcp 1s greater than the specified tpcp 
(max) limit, then access time 1s controlled exclusively by tcac 


9 Operation with the trap (max) limit insures that trac (max) can be met, trap (max) 1s specified as a reference point only, if trap 1s greater than the specified traD 
(max) limit, then access time 1s controlled exclusively by taa 


10 Early write cycle only (twcs = twcs (min)) 
11 These parameters are referenced to CAS leading edge 1n an early write cycle 


12 An initial pause of 100 ps 1s required after power up followed by a minimum of eight initialization cycles (any combination of cycles containing RAS clock such as 
RAS-only refresh) 


13. trasc defines RAS pulse width in fast page mode cycles 
14 Access time 1s determined by the longer of ta, or tcac or tacp 
1S trer defines ts 1,024 refresh cycles 
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@ TIMING WAVEFORM 
e Read Cycle 


RAS 


CAS 


Address 


e Early Write Cycle 


RAS 


CAS 


Address 
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HB56D236B-8/10/12 





7 
Pel 
kong 
ae ee. 
2 
Ps 
2 
oO 
S 
‘L 
ian 


a 
iG 
A 
AN 











, aT CLLLL LALIT 
ee! ate | 
LEED PRL IL 
W//2, : Don't care 
eal 

== - in 

_| 
> amZice \. LEE’ 

on 

LLL LL. 


ie 


: ELIZ LLLLLLLLLLLLLL LLL 
eg ee 


YZQZ : don't care 


© HITACHI 
1055 





HB56D236B-8/ 10/12 


e RAS Only Refresh Cycle 


ons i LIL. 


tRAH 
tasR 


address DA!” KLLLLLLLLLLILLLILLILLLLILL Le 


High- 
Dout 


1 WE . Don't care 


2 VA . Don’t care 


e¢ CAS Before RAS Refresh Cycle 


1056 





RAS 
CAS 
1 Address, Din Don't care 
2 Dout High-Z 
3 WHA, . Don’t care 
4 WE =VIH 
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HB56D236B-8/10/12 


e Fast Page Mode Read Cycle 


trasc 





RAS 


=H 


tr 
CAS 
trap 
tra 
tasr | tasc 
pal ie 


fa 

es 

KDA oe KILL 
| 


| A 
Address El Neo ra 1 : 
WE aleadial te, ‘f Ka ve 
WE | 
fa 


torr torr 


Valid Valid Valid . 
Dout Touts P——T_ outa P—4_ oun 


Di een nee eT RoE eI EOE ECE LENS Rn Te a TOO 
WHA : Don't care 
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HB56D236B-8/10/12 


e Fast Page Mode Early Write Cycle 


1058 


tra 
a 


RAS =r 
CAS = |S 


“” 


el Boe ile 


Address 


alah ol am 
Dott LLLLLLLL LDA PKLIA_rots PRL, vettn PRL 


Din High-Z 


4/2 : Don't care 
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Section 7 
MOS Mask ROM 
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HN623257P, HN62325 7F- 


32768-word x 8-bit CMOS Mask Programmable Read Only Memory 


The HN623257P/F is a 256-kbit CMOS mask-programmable 1N623257P | 
ROM organized as 32768 words by 8 bits. Realizing low power 
consumption, this memory is allowed for battery operation. 


Features 


@ Single +5V Power Supply 
Three-State Data Output for OR-Tieing | 
TTL Compatible | 
Address Access Time: 150ns (Max.) | 
Low Power Consumption: 100mW (typ.) active | 
5uW (typ.) standby | 

| 





(DP-28) 


HN623257F 


Byte-Wide Data Organization 


Block Diagram 





3-state 
Output 
Buffer 


Address 
Buffer 





(FP-28DA) 


Pin Arrangement 


OE/OE/NC 





Absolute Maximum Ratings 


Item Symbol Rating Unit 
Power Supply Voltage * 1 Vcc —0.3 to +70 V 
All Input or Output Voltage*1 Vr —0.3 to Vec+0.3 V 
Operating Temperature Range Topr —20 to +75 < 
Storage Temperature Range Tstg —55 to +125 Cc 
Temperature Under Bias Tbias —20 to +85 C 


Note) *1 With respect to Vss 


(Top View) 
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HN623257P, HN623257F 


Recommended Operating Conditions (Vg = OV, Ta = -20 to +75°C) 


Parameter Symbol min typ max Unit 
Supply Voltage Vcc 4.5 5.0 5.5 Vv 
Vin 2.2 _ Vec+0.3 V 


Input Voltage 
Vit —0.3 = 0.8 V 


DC Electrical Characteristics (Voc = 5V +10%, Vg = OV, Ta = -20 to +75°C) 


Parameter Symbol min max Unit Test Condition 
Active Icc — 45 mA Vcec=5.5V, Ibout =0mA,trc = min 
Supply Current — 
Standby Isp _ 30 uA Vcc=5.5V, CE2Vcc—0.2V 
Input Leakage Current | Tur | — 10 nA Vin=0 to 5.5V 
Output Leakage Current {Tu | a 10 BA CE=2.2V, Vour=0 to Vcc 
Vou 2.4 — V lon = —2054A 
Output Voltage 
VoL 0.4 V lor =3.2mA 


Capacitance (Vcc = 5V +10%, Vsg = OV, Ta = 25°C, Vin = OV, f = 1 MHz) 


Parameter Symbol] min max Unit 
Input Capacitance Cin _ 10 pF 
Output Capacitance Cout = 15 pF 


Note) This parameter 1s sampled and not 100% tested 


AC Electrical Characteristics 
(Vcc =5V + 10%, Vssg = OV, Ta = -20 to +75°C) 
Test Condition 


@ Input Pulse Level ...................-. 0.8 to 2.4V 
@ Input and Output Timing Reference Level.......... 1.5V 
@ Input Rise and Fall Time ................0 000. 10ns 
@ Output Load ............... 1 TTL gate +C, = 100pF 


(including jig capacitance) 





Item Symbol min max Unit 
Read Cycle Time tRC 150 ame! ns 
Address Access Time taa = 150 ns 
CE Access Time tACE “= 150 ns 
CE to Output in Low Z tcLz 10 — ns 
Output Hold Time from Address Change tDHA 0 = ns 
CE to Output in High Z*! tcHz — 70 ns 
Output Hold Time from CE tDHC 0 = ns 
OE Access Time toE = 100 ns 
OE to Output in Low Z toLz 10 = ns 
OE to Output in High Z*! toHz a 70 ns 
Output Hold Time from OE tbHO 0 = ns 


Note) *1. tcyyz and toyz define the time at which the output goes to the high impedance state and is not referenced to 
output voltage levels. 
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HN623257P, HN623257F 


Timing Diagram 


Address 


tpua 


lace tcuz 


tocrz 
—wm| tpnc 





Notes) 1. The time at which the data output becomes invalid is defined by tpya, tpHc OF tpHo. whichever occurs 
irst. 
2. The time at which the data output becomes valid is defined by ta a, tack OF tog, whichever occurs last. 
3. The time at which the data output becomes invalid from the high impedance state is defined by tcLz or 
toLz, whichever occurs last. 
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HN623258P, HN623258F 


32768-Word x 8-Bit CMOS Mask Programmable ROM 


HN623258P/F is a 256-Kbit CMOS mask-programable ROM 
organized as 32768-word x 8-bit. It can be operated with a battery 
because of low power consumption. 


Features 

¢ Lowpower: Active 100 mW (typ), Standby 5 pW (typ) 
e Addres access time: 200 ns (max) 

°* Single 5 V 

¢ TTL compatible 

¢ Wired OR is permitted for the output in three states 


Block Diagram 





Absolute Maximum Ratings 


Item Symbol Rating Unit 
Power supply voltage”! Vcc -0.3 to +7.0 Vv 
Terminal voltage"! VT -0.3 to Vec+0.3 V 
Operating temperature Topr 0 to +70 °C 
Storage temperature Tstg -55 to +125 2C 
Bias temperature Tbias —20 to +85 © 


Note: *1. With respect to Vss. 


Recommended Operating Conditions 
(Vss = 0 V, Ta = 0 to +70°C) 


Item Symbol Min Typ Max Unit 
Power supply voltage Vcc 4.5 5.0 5.5 V 
in ' Vin 2.2 — Vcc+03 V 
Pee Vi «2-03 — O8  V 
© HITACHI 


HN623258P 


(DP-28) 


HN623258F 





(FP-28DA) 


Pin Arrangement 





(Top View) 
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HN623258P, HN623258F 


DC Characteristics (Vcc = 5 V+ 10%, Vss = 0 V, Ta=0 to +70°C) 


Iter Symbol Min Max _ Unit Test Conditions 

Active Icc —_ 45 mA Vcc = 5.5 V, Ibour = 0 mA, trc = min 
Power supply current —_ 

Standby IsB — 30 pA Vcc= 5.5 V, CE > Vcc - 0.2 V 
Input leak current | Tur | — 10 pA Vw = 0 to 5.5 V 
Output leak current | ILo! = 10 pA CE = 2.2 V, Vout = 0 to Vcc 
Output voltage VoH 2.4 — V Ton = —205 pA 

VoL — 0.4 V lo. = 3.2 mA 


Capacitance (Vcc = 5 V + 10%, Vss=0 V, Ta= 25°C, Vin = 0 V, f = 1 MHz) 


Item Symbol Min Max Unit 
Input capacity Cin — 10 pF 
Output capacity Cout ~— 15 pF 


Note: This parameter is samples and not 100% tested. 


AC Operating Characteristics (Vcc = 5 V + 10%, Vss = 0 V, Ta=0 to +70°C) 
Test Condition 


Input pulse level: 0.8 to 2.4V Output load: 1 TTL gate + CL = 100 pF 
/O timing reference level: 1.5 V (including jig capacitance) 
Input rise/fall time: 10 ns 
Item Symbol Min Max Unit 
Cycle time tRC 200 — ns 
Address access time tAA — 200 ns 
~ CEaccesstime j. tae  — | 200 00 ps 
CE to Output in Low Z tcLz 10 — ns 
Output Holt Time from Address Change tpHA 0 — ns 
CE to Output in High Z"! tcHz ae 70 ns 
Output Hold Time from CE tDHC 0 — ns 
OE access time ton coe 100 ns 
OE to Output in Low Z toLz 10 — ns 
OE to Output in High Z*! tOHZ — 70 ns 
Output Hold Time from OE tDHO 0 a ns 


Note: *1 tcHZandtonz define the time at which the output goes to the high impedance state and is not referenced to output voltage levels. 
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HN623258P, HN623258F 


Timing Waveform 


tre 
taa 


— 


OR ae 
1 





Notes: 1. tDHA,tDHC,tDHO; Determined by whichever is faster. 





2. tAA, tACE, tOE; Determined by whichever is slower. 
3. tCLZ, tOLZ; Determined by whichever is slower. 
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HN62321 Series 
HN62331 Series 


131072-Word x 8-Bit CMOS Mask Programmable ROM Pin Arrangement 


HN62321, HN62331 Series is a 1-Mbit CMOS mask-programable 
ROM organized as 131072-word x 8-Bit. It can be operated with a 
battery because of low power consumption. The large capacity of 1M 
bits is optimum for a kanji character generator. 


Features 
¢ Single 5 V 
¢ Wired OR is permitted for the output in three states 
¢ TTL compatible 
e Address access time: 120/150/200 ns (max) 
* Lowpower: Active 100 mW (typ), 
Standby 5 pW (typ) 
¢ Byte-Wide Data Organization 


Ordering information 





Type No. Address Access Time Package (Top View) 
HN62321P 150 ns 600 mil 

HN62321BP 200 ns 28-pin 

HN62331P 120 ns plastic DIP 

HN62321F 150 ns 

HN62321BF 200 ns 28-pin 

HN62331F 120 ns plastic SOP 


Block Diagram 


Address Memory 
Buffer Array 
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HN62321 Series, HN62331 Series 


Absolute Maximum Ratings 


Item Symbol Rating Unit 
Power supply voltage”! Vcc —0.3 to +7.0 V 
Terminal voltage"! Vr —0.3 to Vcc + 0.3 V 
Operating temperature Topr 0 to +70 SC 
Storage temperature Tstg —55 to +125 °C 
Bias temperature Tbias —20 to +85 a @ 


Note: *1. With respect to Vss. 


Recommended Operating Conditions (Vss = 0 V, Ta = 0 to +70°C) 


Item Symbol Min Typ Max Unit 
Power supply voltage Vcc 4.5 5.0 a V 
Vin 2.2 — Vcc + 0.3 V 
mipulvelaee Vi —0.3 — 0.8 V 


DC Characteristics (Vcc = 5 V+ 10%, Vss=0 V, Ta=0 to +70°C) 


Item Symbol Min Max _ Unit Test Conditions 

Active Icc — 50 mA Vcc = 5.5 V, Ipour = 0 mA, trc = Min 
Power supply current. ——— Yi 

Standby _Iss — 30 pA Vec= 5.5 V, CE 2 Vcc —- 0.2 V 
Input leak current | Tur | — 10 pA Vin = 0 to Vcc 
Output leak current | Io | — 10 WA CE = 2.2 V, Vour = 0 to Vcc 

Vou 2.4 — V Ion = —205 pA 

aids bac Vo — 04. V. ‘Io=32mA 


Capacitance (Vcc =5 V+ 10%, Vss=0 V, Ta = 25°C, Vin = 0 V, f = 1 MHz) 





Item Symbol Min Max Unit 
Input capacitance*: Cin — 10 pF 
Output capacitance*1 Cout — 15 pF 


Note: ‘+1. This parameter is sampled and not 100% tested. 
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HN62321 Series, HN62331 Series 


AC Operating Characteristics (Vcc = 5 V + 10%, Vss=0 V, Ta =0 to +70°C) 
Test Conditions 


Input pulse level: 0.8 to 2.4 V Output load: 1 TTL gate + Ci = 100 pF 
I/O timing reference level: 1.5 V (including jig capacitance) 
Input rise/fall time: 10 ns 
HN62331 HN62321 HN62321B 
esa Symbol “Win Max.‘ Min Max Min Max Unit 
Cycle time tRC 120 — 150 — 200 — ns 
~ Address access time tAA — 120 — 150 — 200 ns 
CE access time LACE — 120 = 150 = 200 ns 
Output Hold Time from Address 
Change (DHA 0 — 0 — 0 —- ns 
Output Hold Time from CE tDHC 0 — 0 — 0 — ns 
CE to Output in High Z tcnz"! — 60 — 70 — 100 ns 
CE to Output in Low Z tcLz 5 =... dO —— 10 — ns 


Note: *1 tCHz define the time at which the output goes to the high impedance state and is not referenced to output voltage levels. 


Timing Waveform 


tre 


Address ae 


VY 
N 


ws Ye 
cu Oil hw 


tona 


tonz 


aN 





Notes: 1. tDHA,tDHC; Determined by whichever is faster. 
2. tAA, tACE; Determined by whichever is slower. 
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HN62331AP/F 7+ 


131,072 x 8-Bit CMOS MASK Programmable Read Only Memory 
@ DESCRIPTION 


The HN62331A is a 1-Mbit CMOS mask-programmable ROM 
organized as 131,072-words x 8-bits. Realizing low power consump- 
tion, this memory is allowed for battery operation. In addition, the 
HN62331A, which provides large capacity of 1M bits, is ideally suited 
for kanji character generators. 


@ FEATURES 


¢ Single +5V Power Supply 
¢ Three-State Data Output for OR-Tieing 
¢ TTL Compatible 


e Maximum Access Time ............-.-200 ee eee 120ns (max.) 
e Low Power Consumption ................ 100mW (typ.) Active 
5yW (typ.) Standby 


e Byte-wide Data Organization 
¢ Pin Compatible with JEDEC 


@ ORDERING INFORMATION 


Access Time 


120ns 


@ BLOCK DIAGRAM 










Package 


600 mil 32 pin 
Plastic DIP 


32 pin Plastic SOP 








HN62331AP 








HN62331AF 















AO DO 
Address sian 
Buffer Supe 
Buffer 
A16 D7 
CE 
OE 
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HN62331 AP/F 
@ ABSOLUTE MAXIMUM RATINGS 


tem 
Supply Volage Ver ose 
All Input and Output Voltage a ee eee 
Operating Temperature Range 
Storage Temperature Range 
Temperature Under Bias 


NOTE: 1. With respect to Vss. 


Note 


Ss 
o 
poss 


m@ RECOMMENDED OPERATING CONDITIONS (Vg = OV, T, = 0 ~ 70°C) 


fem [symbot [Mins Typ 

Supply Voge [Vee | 45 Odd 
ner ee 
ee ee 


™@ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vss = OV, T, = 0 ~ 70°C) 


item Min. 
ae 

[Sindy | Igy Vee = 50-08 = Vec=02V 

Input Leakage Current 

Output Leakage Current 

eee 


Unit 


< 
a 
ol4 |ulz 
‘bp 
Blt) wlz 
on) 
ee) 
< 


Unit 


Nw 

mn 

N oO —) 
SiS TS 

</</5/5/5 12 
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HN62331AP/F 


@ CAPACITANCE (Vcc =5V + 10%, Voss = OV, de = 25°C, VIN = OV, f = 1MHz) 


fem Uni 

Input Capacitane ST 
Output Capacitance | Cour —~«| Sidi 

NOTE: * This parameter is sampled and not 100% tested. 

Mm AC ELECTRICAL CHARACTERISTICS (Vcc = SV + 10%, Vs = OV, T, = 0 ~ 70°C) 

item Uni 

Read Cycle Time trc 120 i as ns 
Address Access Time ee ee eee ns 
CE Access Time a ee ee ee 120 ns 
OE Access Time tor ee a ae ns 
Output Hold Time From Address Change re ee ee ee ns 
Output Hold Time From CE | tp Cd] lO ns 
Output Hold Time From OE ae ee ee ee ns 
CE to Output in High Z tcHz* Se a ae ns 
GE to Output in High Z tow* [| — -+| | as 
CE to Output in Low Z eae ee ee ee ee 
GE to Output in Low Z [oz 3 


NOTE:  * tcyz and toyz are defined as the time at which the output achieves the open circuit conditions and are not referred to 
output voltage levels. 
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HN62331AP/F 


e Test Conditions 


e Input Pulse Level: 0.45 ~ 2.4V ¢ Input Rise and Fall Time: 10ns 
e Input and Output Timing Reference Level: 1.5V ¢ Output Load: 1 TTL gate + CL = 100pF 
(including scope and jig capacitance) 


@ TIMING WAVEFORM 


tre 
eee 
Address Cc 
TAA tDHA 
CE 
eee tol 
tciz cs Se 


OE 
Pema a -— S 
4 


as Oy are hn the 


> 


NOTES: 1. topHA, tpHc, tpHo; determined by faster. 
2. taa, tace, ton; determined by slower. 
3. tcLz, toLz; determined by slower. 
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HN62331P/F 


131,072 x 8-Bit CMOS MASK Programmable Read Only Memory 
@ DESCRIPTION 


The HN62331 is a 1-Mbit CMOS mask-programmable ROM 
organized as 131,072-words x 8-bits. Realizing low power consump- 
tion, this memory is allowed for battery operation. In addition, the 
HN62331, which provides large capacity of 1M bits, is ideally suited 
for kanji character generators. 


@ FEATURES 


e Single +5V Power Supply 
e Three-State Data Output for OR-Tieing 
e TTL Compatible 


(DP-32) 


e Maximum Access Time ...............0000 eee 120ns (max.) 
e Low Power Consumption ................ 100mW (typ.) Active 
5uW (typ.) Standby 


e Byte-wide Data Organization 
e Pin Compatible with JEDEC 


@ ORDERING INFORMATION 


Access Time 


120ns 


m@ BLOCK DIAGRAM 







Package 


600 mil 32 pin 
Plastic DIP 


32 pin Plastic SOP 






HN62331P 









HN62331F 







AO 


DO 


3-State 
Output 
Buffer 











Address 
Buffer 


D7 


(Top View) 
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HN62331P/F 
@ ABSOLUTE MAXIMUM RATINGS 


tem Not 
Supply Voltage 
All Taput and Output Voltage 
Operating Temperature Range 
Storage Temperature Range 
Temperature Under Bias 


NOTE: 1. With respect to Vss. 


pet fp 


@ RECOMMENDED OPERATING CONDITIONS (Vs = OV, T, = 0 ~ 70°C) 


tem Symbol Min. | Typ. | Max.‘ —Uni 
Supply Voltage | v 
Vu | 24+] — + vee +03 fv 

ete va 
ee vi 03 id v 


™@ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vsg = OV, T, = 0 ~ 70°C) 


sn 
~N 





_ltem | Test Condition | Min. | Max. | Unit 
ce  [hative [Toe | Vee = 55V;IDour = OmA, tac = Min. | — [50 | mA 
vpply Current” Tsrandby [Igy | Veo = 55¥,CE = Vec-02V__| — | 30 | yA 
Input Leakage Current Vin = 0 ~ Vec | — | bo | pA 
Output Leakage Current CE = 2.4V, Vout = 0 ~ Vec | — | 10 | pA 
| Vou [lon =-205vA | 4 | OV 
wrscalas Vou [to = hema 
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HN62331P/F 
@ CAPACITANCE (Vcc =S5V + 10%, Vss = OV, T, = 25°C, VIN = OV, f= 1MHz) 


Item Symbol Max. Unit 


Input Capacitance Cin 10 pF 
Output Capacitance 15 pF 
NOTE: * This parameter is sampled and not 100% tested. 
@ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vss = OV, T, = 0 ~ 70°C) 
fem Uni 
Read Cycle Time a 
Address Access Time taa Po ee 120 ns 
CE Access Time Tacs | | 
Output Hold Time From Address Change | toa S| tli ns 
Output Hold Time From CE a ee ee eee ns 
CE to Output in High Z tcHz* ee ee. ee ns 
CE to Output in Low Z tcLz a rer ee = ee ns 


NOTE:  * tcyz and tonz are defined as the time at which the output achieves the open circuit conditions and are not referred to 
output voltage levels. 
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HN62331P/F 


e Test Conditions 


¢ Input Pulse Level: 0.45 ~ 2.4V e Input Rise and Fall Time: 10ns 
¢ Input and Output Timing Reference Level: 1.5V ¢ Output Load: 1 TTL gate + CL = 100pF 
(including scope and jig capacitance) 


@ TIMING WAVEFORM 


tre 
Address 7 
tpHA 
CE 
High Z = High Z 

Dout g < XXX ss ValidData. sid) = 2 

NOTES: 1. tpHa, tpHc; determined by faster. 

2. taa, tacg; determined by slower. 
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HN62321E Series 
HN62331E Series 


131072-Word x 8-Bit CMOS Mask Programmable ROM Pin Arrangement 


HN62321E, HN62331E Series is a 1-Mbit CMOS mask- 
programable ROM organized as 131072-word x 8-bit. It can be 
operated with a battery because of low power consumption. The 
large capacity of 1M bits is optimum for a kanji character generator. 


Features 

« Single 5 V 

¢ Wired OR is permitted for the output in three states 
¢ TTL compatible 

¢ Address access time: 120/200 ns (max) 

¢ OE access time: 60/100ns (max) 

¢ Low power: 100 mW (typ) 

¢ Byte-Wide Data Organization 


Ordering Information 








Type No. Address Access Time Package (Top View) 
HN62321EP 200 ns 600 mil 28-pin 
HN62331EP 120 ns plastic DIP 
HN62321EF 200 ns 28-pin 
HN62331EF 120 ns plastic SOP 


Block Diagram 


3-State 
Output 
Buffer 


Address Memory 
Buffer Array 
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HN62321E Series, HN62331E Series 


Absolute Maximum Ratings 


Item Symbol Rating Unit 
Power supply voltage”! Vcc -0.3 to +7.0 V —— 
Terminal voltage”! Vr —0.3 to Vcc + 0.3 V 
Operating temperature Topr 0 to +70 °C 
Storage temperature Tstg —55 to +125 °C 
Bias temperature Tbias —20 to +85 eC 


Note: *1. With respect to Vss. 


Recommended Operating Conditions (Vss = 0 V, Ta = 0 to +70°C) 


Item Symbol Min Typ Max Unit 7 
Power supply voltage Vcc 45 5.0 55 V 
Vin Z2 — Vcc + 0.3 V 
Input voltage ViL 03 ae 08 Vv 


DC Characteristics (Vcc =5 V + 10%, Vss = 0 V, Ta=0 to +70°C) 


Item Symbol Min Max _ Unit Test Conditions 
Power supply current Icc — 50 mA Vcc = 5.5 V, Ipour = 0 mA, trc = Min 
Input leak current {Tul — 10 pA Vin = 0 to Vcc 
Output leak current | Tio | — 10 HLA OE = 2.2 V, Vout = 0 to Vcc 
Vou 2.4 — V Tou = —205 pA 
Output volt 
i ae VoL _— 0.4 V lo. = 3.2mA 


Capacitance (Vcc = 5 V+ 10%, Vss=0 V, Ta = 25°C, Vin = 0 V, f = 1 MHz) 


Item Symbol Min Max Unit 
Input capacitances: Cin — 10 pF 
Output capacitance*1 Cout — 15 pF 


Note: *1. This parameter is sampled and not 100% tested. 


AC Operating Characteristics (Vcc = 5 V + 10%, Vss = 0 V, Ta = 0 to +70°C) 
Test Conditions 





input pulse level: 0.8 to2.4V Output load: 1 TTL gate + Ci = 100 pF 
I/O timing reference level: 1.5 V (including jig capacitance) 
Input rise/fall time: 10 ns 
HN62331E HN62321E 
Item Symbol “a OM OM Unit 
Cycle time tRC 120 — 200 — ns 
Address access time LAA — 120 — 200 ns 
OE access time tOE — 60 — 100 ns 
Output Hold Time from Address 
Change tDHA 0 — 0 — ns 
Output Hold Time from OE tDHO 0 = 0 — ns 
OE to Output in High Z tonz”! = 60 ae 100 ns 
OE to Output in Low Z toLz 5 — 10 = ns 


Note: *1 tonz define the time at which the output goes to the high impedance state and is not referenced to output voltage levels. 
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HN62321E Series, HN62331E Series 


Timing Waveform 


Address 


= 
sass 100 | rr 
0 ee 


Notes: 1. tDHA,tDHO; Determined by whichever is faster. 
2. tAA, tOE; Determined by whichever is slower. 
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HN62321A Series 
HN62331A Series 


131072-Word x 8-Bit CMOS Mask Programmable ROM Pin Arrangement 


HN62321A, HN62331A Series is a 1-Mbit CMOS mask- 
programable ROM organized to 131072-word x 8-bit. It can be 
operated with a battery because of low power consumption. The 
large capacity of 1M bits is optimum for a kanji character generator. 


Features 
¢ Single 5 V 
¢ Wired OR is permitted for the output in three states 
¢ TTL compatible 
« Address access time: 120/150 ns (max) 
* Lowpower: Active 100 mW (typ) 
Standby 5 pW (typ) 
* Byte-Wide Data Organization, JEDEC pin arrangement 


Ordering Information 





Type No. Address Access Time Package (Top View) 
HN62321 AP 150 ns 600 mil 32-pin 

HN62331AP 120 ns plastic DIP 

HN62321AF 150 ns 32-pin 

HN62331AF 120 ns plastic SOP 


Block Diagram 


3-State 
Output 
Buffer 


Address 
Buffer 
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Absolute Maximum Ratings 


Item Symbol Rating Unit 
Power supply voltage”! Vcc —0.3 to +7.0 V 
Terminal voltage”! Vr —0.3 to Vec + 0.3 V 
Operating temperature Topr 0 to +70 2C 
Storage temperature Tstg -55 to +125 °¢ 
Bias temperature Tbias —20 to +85 °C 
Note: °%1. With respect to Vss. 
Recommended Operating Conditions (Vss = 0 V, Ta = 0 to +70°C) 
Item Symbol Min Typ Max Unit 
Power supply voltage Vcc 4.5 5.0 5.5 V 
Vin 2:2 — Vcc + 0.3 V 
pipueeieee Vi. “03 = 08 V 


HN62321A Series, HN62331A Series 


DC Characteristics (Vcc = 5 V + 10%, Vss = 0 V, Ta = 0 to +70°C) 


Item Symbol Min 

Power supply current Bcuve me — 
Standby Isp — 

Input leak current | Tur | — 
Output leak current | Ito | — 
VoH 2.4 

Output voltage VoL = 


Capacitance (Vcc = 5 V + 10%, Vss = 0 V, Ta = 25°C, Vin = 0 V, f = 1 MHz) 





Max 


50 
30 
10 


Unit Test Conditions 
mA Vcc = 5.5 V, Ipour = 0 mA, trc = Min 
pA Vcc = 5.5 V, CE 2 Vcc -0.2 V 
WA Vin = 0 to Vcc 
pA CE = 2.2 V, Vour= 0 to Vcc 


V Jou = —205 pA 
V Tot = 3.2 mA 


Item Symbol Min Max Unit 
Input capacitances: Cin — 10 pF 
Output capacitances: Cout — 15 pF 
Note: *1. This parameter is sampled and not 100% tested. 
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HN62321A Series, HN62331A Series 


AC Operating Characteristics (Vcc = 5 V + 10%, Vss =0 V, Ta = 0 to +70°C) 
Test Conditions 





Input pulse level: 0.8 to 2.4 V Output load: 1 TTL gate + Ci = 100 pF 
I/O timing reference level: 1.5 V (including jig capacitance) 
Input rise/fall time: 10 ns 
HN62331A HN62321A 
Item Symbol “Min. ~—SOwMax”~——<~Min SSO Max Unit 
Cycle time tRC 120 — 150 — ns 
Address access time tAA — 120 — 150 ns 
CE access time tACE — 120 = 150 ns 
OE access time to — 60 — 70 ns 
Output Hold Time from Address Change ta 0 — 0 — ns 
Output Hold Time from CE tDHC 0 a 0 —_ ns 
Output Hold Time from OE tDHO 0 — 0 — ns 
CE to Input in High Z tcnz"! — 60 _ 70 ns 
OE to Input in High Z touz"! — 60 — 70 ns 
CE to Output in Low Z tcLz 5 — 10 — ns 
OE to Output in Low Z toLz 5 _ 10 . ns 


Note: *1. tcHzandtouHz define the time at which the output goes to the high impedance state and is not referenced to output voltage levels. 


Timing Waveform 


Address fF iS 


tona 
OE a 
Fan eel tonz 


touz 


mor OO \ YY 


NK AA £ 





Notes: 1. tDHA,tDHC,tbHO; Determined by whichever is faster. 


2. tAA, tACE, tOE; Determined by whichever is slower. 
3. tCLZ, tOLZ; Determined by whichever is slower. 
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HN62412 Series 
HN62422 Series 


131072-Word x 16-Bit/262144-Word x 8-Bit CMOS Mask Programmable ROM 


HN62412, HN62422 Series is a 2-Mbit CMOS mask-programable 
ROM organized either as 131072-word x 16-bit or as 262144-word 
x 8-bit. It can be operated with a battery because of low power 
consumption. The large capacity of 2M bits is optimum for a kanji 
character generator. 


Features Pin Arrangement 
° Single SV | | HN62412P, HN62422P 
¢ Wired OR is permitted for the output in three states 
¢« TTL compatible 
¢ Address access time: 150/200 ns (max) 
¢ Lowpower: Active 100 mW (typ) 
Standby 5 pW (typ) 
« Byte-Wide or Word-Wide Data Organization (switched by BHE 
terminal) 


Ordering Information 








Type No. Address Access Time Package 
HN62412P 200 ns 600 mil 40-pin 
HN62422P 150 ns plastic DIP 
HN62412FP 200 ns 44-pin 
HN62422FP 150 ns plastic QFP 

© HITACHI 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy ¢ Brisbane, CA 94005-1819 © (415) 589-8300 1083 


HN62412 Series, HN62422 Series — $F 


Block Diagram 


AQ—»> _— 


h Address Memory 
Buffer Array 

Al6—> > 

CE 

BHE 

(A-1)* 

OE 


BHE= Vm: 16 bits (D15—D0) 
BHE= Vu: 8 bits (D7—D0) 


Hex/ 
Byte 


*1  A-1is least significant address input, and D14—D8 are of high impedance. 


Absolute Maximum Ratings 


Item Symbol 
Power supply voltage"! Vcc 
Terminal voltage"! Vr 
Operating temperature Topr 
Storage temperature Tstg 
Bias temperature Tbias 


Note: *1. With respect to Vss 


3-State 
Output 


Buffer 





Rating Unit 
—0.3 to +7.0 V 
—0.3 to Vcc + 0.3 V 
0 to +70 °C 
—55 to +125 °C 
—20 to +85 “C 


Recommended Operating Copnditions (Vss = 0 V, Ta = 0 to +70°C) 


Item Symbol 
Power supply voltage Vcc 
Vi 
Input volt 
put voltage Vi 


Min 
4.5 
22 

—0.3 


Typ Max Unit 
5.0 5.5 V 
— Vcc + 0.3 V 


0.8 V 


DC Characteristics (Vcc =5 V + 10%, Vss = 0 V, Ta = 0 to +70°C) 


Item Symbol Min Max _ Unit 
P ; Active Icc — 50 mA 
ower supply current — dby Isp = 30 uA 
Input leak current | Tur | — 10 LA 
Output leak current | Ito | — 10 LA 
Vou 2.4 —— V 

Output volt 
apis Vo — O04 V 
@ HITACHI 


Test Conditions 


Vcc = 5.5 V, Inout = 0 mA, trc = Min 


Vcc = 5.5 V, CE> Vcc— 0.2 V 
Vww =0 to Vcc 

CE = 2.2 V, Vout = 0 to Vcc 
Tou = —205 pA 

Io. = 1.6mA 
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HN62412 Series, HN62422 Series 


Capacitance (Vcc =5 V+ 10%, Vss =0 V, Ta = 25°C, Vin = 0 V, f = 1 MHz) 


Item Symbol Min Max Unit 
Input capacitances! Cin — 15 pF 
Output capacitance*1 Cout — 15 pF 


Note: °*1. This parameter is sampled and not 100% tested. 


AC Operating Characteristics (Vcc = 5 V + 10%, Vss = 0 V, Ta = 0 to +70°C) 
Test Conditions 





Input pulse level: 0.8 to 2.4 V Output load: 1 TTL gate + Ci = 100 pF 

I/O timing reference level: 1.5 V (including jig capacitance) 

Input rise/fall time: 10 ns _ 
Tend Symbol HN62422 HN62412 Unit 

Min Max Min Max 

Cycle time tRC 150 — 200 — ns 

Address access time tAA — 150 — 200 ns 

CE access time tACE — 150 — 200 ns 

OE access time toE = 70 = 100 ns 

BHE access time tBHE —_ 150 — 200 ns 


Output Hold Time from Address 





Change {DHA 0 — 0 — ns 
Output Hold Time from CE tDHC 0 — 0 — ns 
Output Hold Time from OE tDHO 0 — 0 — ns 
Output Hold Time from BHE tDHB 0 — 0 — ns 
CE to Output in High Z tcHz”! = 70 = 70 ns 
OE to Output in High Z touz”! aS 70 = 70 ns 
BHE to Output in High Z tpHz”! — 70 — 70 ns 
CE to Output in Low Z tCLz 10 — 10 — ns 
OE to Output in Low Z toLz 10 — 10 — ns 
BHE to Output in Low Z tBLZ 10 — 10 — ns 


Note: *1  tCHZ, tOHZ, and tBHZdefine the time at which the output goes to the high impedance state and is not referenced to output voltage 
level. 
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HN62412 Series, HN62422 Series 


Timing Waveform 
Word Mode (BHE = "VIH") or Byte Mode (BHE = "VIL") 


Address 


tenz 


homer” aes aa 
a aa 
) Valtd Data \KY High-Z 





Notes: 1. tDHA,tDHC,tDHO; Determined by whichever is faster. 
2. tAA, tACE, tOE; Determined by whichever is slower. 
3. tCLZ, tOLZ; Determined by whichever is slower. 


Switching between Word Mode and Byte Mode 


High-Z (x) x) High-Z 
yy XY 


towa 


RY 


XM - 


moe ROT LAW con 


() 
AKXY : XN 
Notes: 1. CE, OE are of selected status. A16—A0 are fixed. 


2. D15/A-1 terminal is of output state when BHE = Vin, CE and OE are of selected state. 
At this time, an input signal that is of the inverse phase to the output should not be impressed. 


yy KY (XK YX XX) ereks (Y \ 
RKO RRINIOK, "me 


07~D0 
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HN62404 Series 
HN62424 Series 


262144-Word x 16-Bit/524288-Word x 8-Bit CMOS Mask Programmable ROM 


HN62404, HN62424 Series is a 4-Mbit CMOS mask-programable 
ROM organized either as 262144-word x 16-bit or as 524288-word 
x 8-bit. It can be operated with a battery because of low power 
consumption. The large capacity of 4M bits is optimum for a kanji 
character generator. 


Pin Arrangement 
peatures HN62404, HN62424P 
° Single 5 V 
¢ Wired OR is permitted for the output in three states 
¢ TTL compatible 
¢ Address access ccess time: 150/200 ns (max) 

e Lowpower: Active 100 mW (typ) 
Standby 5 pW (typ) 
¢ Byte-Wide or Word-Wide Data Organization(switched by BHE 
terminal) 


Ordering Information 





Type No. Address Access Time Package 
HN62404P 200 ns 600 mil 40-pin 
HN62424P 150 ns plastic DIP 
HN62404FP 200 ns 44-pin 
HN62424FP 150 ns plastic QFP 
(Top View) 
oO we Rs a 
(Top View) 
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HN62404 Series, HN62424 Series 


Block Diagram 


3-State 
Output 
Buffer 


Address Memory 
Buffer Array 





BHE = Vin: 16 bits (D15-—D0) 
BHE = Vu: 8 bits (D7—D0) 
*1: A-1 is least significant address input, and D14—D8 are of high impedance. 


Absolute Maximum Ratings 


Item Symbol Rating Unit 
Power supply voltage"! Vcc —0.3 to +7.0 V 
Terminal voltage”! Vr -0,3 to Vec + 0.3 V 
Operating temperature Topr 0 to +70 °C 
Storage temperature Tstg —55 to +125 °C 
Bias temperature Tbias —20 to +85 °C 


Note: *1. With respect to Vss. 


Recommended Operating Conditions (Vss = 0 V, Ta = 0 to +70°C) 


Item Symbol Min Typ Max Unit 
Power supply voltage Vcc 4.5 5.0 5.5 Vv 
ianue-voltuce Vn 22 — Vcc + 0.3 V 

VIL -0.3 — 0.8 V 


DC Characteristics (Vcc = 5 V + 10%, Vss = 0 V, Ta =0 to +70°C) 


Item Symbol Min Max _ Unit Test Conditions 
p Active Icc — 50 mA Vcc = 5.5 V, Ipour = 0 mA, trc = Min 
ower supply current —Sidby Isp — 30. pA Vee=55 V,CE> Vec-02V 

Input leak current | Tur | — 10 LA Vin = 0 to Vcc 
Output leak current | Ito | a 10 PA CE = 2.2 V, Vout = 0 to Vcc 

Vou 2.4 — V Ion = —205 nA 
Output volt 

ae Vo. — OA  V Jo=16mA 
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HN62404 Series, HN62424 Series 


Capacitance (Vcc = 5 V + 10%, Vss=0 V, Ta= 25°C, Vin = 0 V, f = 1 MHz) 


Item Symbol Min Max Unit 
Input capacitance*1 Cin — 15 pF 
Output capacitance*1 Cout — 15 pF 





Note: *1. This parameter is sampled and not 100% tested. 


AC Operating Characteristics (Vcc = 5 V + 10%, Vss =0 V, Ta=0 to +70°C) 
Test Conditions 




















Input pulse level: 0.8 to2.4V Output load: 1 TTL gate + C. = 100 pF 
I/O timing reference level: 1.5 V (including jig capacitance) 
Input rise/fall time: 10 ns Le, 
HN62424 HN62404 ’ 
Item Symbol Ma a Oe Unit 
Cycle time tRC 150 — 200 — ns 
Address access time tAA — 150 — 200 ns 
CE access time LACE — 150 — 200 ns 
OE access time toB an 70 ae 100 ns 
BHE access time tBHE — 150 — 200 ns 
Output Hold Time from Address 
Change (DHA 0 — 0 — ns 
Output Hold Time from CE tDHC 0 — 0 — ns 
Output Hold Time from OE tDHO 0 — 0 = ns 
Output Hold Time from BHE (DHB 0 — 0 — ns 
CE to Output in High Z tcHz"! a 70 = 70 ns 
OE to Output in High Z tonz”! aaa 70 - 70 ns 
BHE to Output in High Z tpHz" ! — 70 — 70 ns 
CE to Output in Low Z tCLZ 10 — 10 — ns 
OE to Output in Low Z toLz 10 — 10 — ns 
BHE to Output in Low Z tBLZ 10 — 10 — ns 





Note: *1  tCHZ, tOHZ, and tBHZdefine the time at which the output goes to the high impedance state and is not referenced to output voltage 
level. 
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HN62404 Series, HN62424 Series 


Timing Waveform 


Word Mode (BHE = "VIH") or Byte Mode (BHE = "VIL") 


tac 
aes CC 
tan 7 






tona 





tonz 


OE 
Wy v9 
High-2 i) High Z 
WO KY 





tace 












cei NEUE oS ee 





Notes: 1. tDHA, tDHC, tDHO; Determined by whichever is faster. 
2.  tAA, tACE, tOE; Determined by whichever is slower. 
3. tCLZ, tOLZz; Determined by whichever is slower. 


Switching between Word Mode and Byte Mode 


High-Z (X\ 6 High-Z 
ae 


toua 


oa 


\\ WYN 


XXXXX KX Valid Data 
NYY pany 
wh ( 


XXX 
WV 
i ali a 


DiS~D8 


an 


MKXXX fs 9, 





Notes: 1. CE, OE are of selected status. A17—A0 are fixed. 
2. D15/A-1 terminal is of output state when BHE = VM, CE and OE are of selected state. 
At this time, an input signal that is of the inverse phase to the output should not be impressed. 
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HN62304B Series 
HN62324B Series 


524288-Word x 8-Bit CMOS Mask Programmable ROM Pin Arrangement 


HN62304B, HN62324B Series is a 4-Mbit CMOS mask- 
programable ROM organized as 524288-word x 8-bits. It can be 
operated with a battery because of low power consumption. The 
large capacity of 4M bits is optimum for a kanji character generator. 


Features 

¢« Single 5 V 

¢ Wired OR is permitted for the output in three states 

« TTL compatible 

¢ Address access time: 150/200 ns (max.) 

¢ Lowpower: Active 100 mW (typ) 
Standby 5 pW (typ) 

« Byte-Wide Data Organization 


Ordering Information 





Type No. Address Access Time Package (Top View) 
HN62304BP 200 ns 600 mil 32-pin 

HN62324BP 150 ns plastic DIP 

HN62304BF 200 ns 32-pin 

HN62324BF 150 ns plastic SOP 


Block Diagram 
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HN62304B Series, HN62324B Series 


Absolute Maximum Ratings 


Item Symbol 
Power supply voltage™! Vcc 
Terminal voltage”! VT 
Operating temperature Topr 
Storage temperature Tstg 
Bias temperature Tbias 


Note: *1. With respect to Vss. 


Rating Unit 
—0.3 to +7.0 V 
—0.3 to Vec + 0.3 V 
0 to +70 °C 
~—55 to +125 °C 
—20 to +85 °C 


Recommended Operating Conditions (Vss = 0 V, Ta = 0 to +70°C) 


Item Symbol | 
Power supply voltage Vcc 
Vin 
Input voltage ViL 


Min 
45 
2.2 

-0.3 


Typ Max Unit 
5.0 5.5 V 
— Vcc + 0.3 Vv 
— 0.8 V 


DC Characteristics (Vcc = 5 V + 10%, Vss = 0 V, Ta = 0 to +70°C) 
Unit 


Item Symbol Min 

Power supply current pcuve ues — 
Standby Iss — 

Input leak current | Tur | — 
Output leak current | Ito | — 
Vou 2.4 

Output voltage we ane 


Max 


50 
30 


mA 
LA 
LA 
LA 


Test Conditions 
Vcc = 5.5 V, Ipour = 0 mA, tre = Min 
Vcc = 5.5 V, CE> Vcc — 0.2 V 
Vin = 0 to Vcc 
CE = 2.2 V, Vour = 0 to Vcc 
Ion = —205 pA 
IoL = 1.6mA 


Capacitance (Vcc = 5 V + 10%, Vss = 0 V, Ta = 25°C, Vin = 0 V, f = 1 MHz) 


Item Symbol Min 
Input capacitance*1 Cin — 
Output capacitance*1 Cout — 
Note: *1. This parameter is sampled and not 100% tested. 
© HITACHI 


Max Unit 
15 pF 
15 pF 
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HN62304B Series, HN62324B Series 


AC Operating Characteristics (Vcc = 5 V + 10%, Vss =0 V, Ta = 0 to +70°C) 
Test Conditions 


Input pulse level: 0.8to2.4V Output load: 1 TTL gate + Ci. = 100 pF 
I/O timing reference level: 1.5 V (including jig capacitance) 
Input rise/fall time: 10 ns 
HN62324B HN62304B 
Item Symbol “Win. Max. -Min ‘Max Unit 
Cycle time tRC 150 — 200 — ns 
Address access time LAA — 150 — 200 ns 
CE access time tACE — 150 — 200 ns 
OE access time ton - 70 2 100 ns 
Output Hold Time from Address 
Change {DHA 0 — 0 —— ns 
Output Hold Time from CE tDHC 0 — 0 — ns 
Output Hold Time from OE tDHO 0 — 0 — ns 
CE to Output in High Z tcnz”! _ 70 = 70 ns 
OE to Output in High Z tonz”! = 70 me 70 ns 
CE to Output in Low Z tcLz 10 = 10 — ns 
— OEtoOuputinlowZ  ——— siitorez—“(<é$essts—i20 ae te Ot~<‘“‘“‘<‘za”:s:C( SS ots 


Note: *1 tCHZandtOHz define the time at which the output goes to the high impedance state and is not referenced to output voltage level. 
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HN62304B Series, HN62324B Series 


Timing Waveform 





Address 


Notes: 1. tDHA,tDHC,tDHO; Determined by whichever is faster. 


tAA, tACE, tOE; Determined by whichever is slower. 
3. tCLZ, tOLZ; Determined by whichever is slower. 
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H N62444 Se ries — Preliminary 


262,144 x 16-Bit/524,288 x 8-Bit CMOS MASK Programmable 
Read Only Memory 


@ DESCRIPTION 


The HN62444 is a 4-Mbit CMOS mask-programmable ROM orga- 
nized either as 262,144 words by 16 bits or as 524,288 words by 8 
bits. Realizing low power consumption, this memory is allowed for 
battery operation. In addition, the HN62444, which provides large 
capacity of 4M bits, is ideally suited for kanji character generators. 


m FEATURES (DP-40) 


e Single +5V Power Supply 
¢ Three-State Data Output for OR-Tieing 
e TTL Compatible 


e Maximum Access Time ...........-. 00-0 e eee 100ns (max.) 
¢ Low Power Consumption ................ 150mW (typ.) Active 
5uW (typ.) Standby 


e Byte-wide or Word-wide Data Organization with BHE 
@ ORDERING INFORMATION (FP-44A) 


600 mil 40 pin 
HN62444FP 44 pin Plastic QFP 
HN62444F 48 pin Plastic SOP 


mM BLOCK DIAGRAM (FP-48) 









AO DO 











Address Memory Hex/ ceciiens 
Buffer Array Byte ou 
Buffer 
A17 D15 


| alates, ae: allege 


a (D7) 
CE 


BHE 
(A-1)" 
OE 


BHE = Vin 16-bit (D45 fa Do) 
BHE = Vj,; 8-bit (D7 ~ Do) 
* A-1 is least significant address. When BHE is “‘low’’, Dj, ~ Dg goes the high impedance state. 
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HN62444 Series 


@ PIN ARRANGEMENT 
HN62444P 


HN62444F 


1 
2 
3 
4 
5 
6 
7 
8 
9 


OMAN OAR WN = 


=<. 
© 


(Top View) 


NOTE: 11-13 pins and 36-38 pins are connected 
to inner lead frame. 





(Top View) 


HN62444FP 


A4 AS A6 A7 Ai7 NC A8 AQ A10A11 Al2 
44 43 42 41 40 39 38 37 36 35 34 


oan OO wom & © NYO — 


Dg D2 Dio D3 Dy NC Veco Dag Dio Ds Di3 





(Top View) 
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HN62444 Series 


@ ABSOLUTE MAXIMUM RATINGS 


tem Uni Not 
Supply Voltage Cve J es 
All Input and Output Voltage a a 
Operating Temperature Range 
Storage Temperature Range a ee ae 
ane a ee 


NOTE: 1. With respect to Vss. 


— 


@ RECOMMENDED OPERATING CONDITIONS (Vcz = OV, T, = 0 ~ 70°C) 


Item Unit 
supply vols ae ee 
Taeait Vollags 7 
ea Se ee a ee 


™ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vg = OV, T, = 0 ~ 70°C) 


tem [Symbot [____TestCondition | Min, [ Max | Uni 
scopy Curem PAE | loc | Veo =55V; Dour = OmA,tao=Min | — [| 70 | mA 
PStandby | Isp | Veo = 5.5V.CE = Vec-02V | = [30 | yA 

Input Leakage Curren | nf [Viy=0~ Veo SSS 
Output Leakage Current | Io) | CE = 24, Voor =0~ Veco ——~«Y | 10 nA 
cain [Vou [lon =-205ASSSCSC~‘“idtC‘ aA 
eS BAC 


@ CAPACITANCE (Vcc = 5V + 10%, Vss = OV, Th = 25°C, VIN = OV, f= 1MHz) 


tem Symbol [Min ‘| _Max. (| Uni 
input Capacitance | Cw «dS Sid SS 
Output Capaciance | Cor | Sd SSS 


NOTE: * This parameter is sampled and not 100% tested. 





© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 1097 


HN62444 Series 


M@ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vss = OV, T, = 0 ~ 70°C) 


Item 
Read Cycle Time 
Address Access Time 
CE Access Time 
OE Access Time 
BHE Access Time 
Output Hold Time From Address Change 
Output Hold Time From CE 
Output Hold Time From OE 
Output Hold Time From BHE 
CE to Output in High Z 
OE to Output in High Z 
BHE to Output in High Z 
CE to Output in Low Z 
OE to Output in Low Z 
BHE to Output in Low Z 


NOTE: 
to output voltage levels. 


e Test Conditions 


¢ Input Pulse Level: 0.45 ~ 2.4V 
e Input and Output Timing Reference Level: 1.5V 


= 
i) 


Symbol 


co 
nw 
o) 
— 
S 


ih 
: 


> 
S 


S Gas 
es] > 


tack 100 


S 


(BHE 
(DHA 
'DHC 
tpHO 
tpHB 
tcnz* 
tonz* 
tayz* 
(CLZ 
toLz 
tBLz 


£;/5 ra 


e Input Rise and Fall Time: 10ns 
© Output Load: 1 TTL gate + CL = 100pF 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


* tcHz, touz and tgyz are defined as the time at which the output achieves the open circuit conditions and are not referred 


(including scope and jig capacitance) 
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HN62444 Series 


= TIMING WAVEFORM 
° Word Mode (BHE = ‘Vj,’) or Byte Mode (BHE = ‘V))’) (1) 


tre 





Address 


: a 
ee ele 


toiz are <> 
heave Caen FF 
Lee ae 

High Z High Z 
Dout ig Boe Valid Data KX >= 


NOTES: 1. tpHa, tbHc, tpHo; determined by faster. 
2. taa, tack, tog; determined by slower. 
3. tcLz, to_z; determined by slower. 


e Word Mode, Byte Mode Switch (2) 


High Z High Z 
a QR KY 


TAA tpHA 


ae —pXeememman Ein} 
tpHB 
oon XXKD XK aE 
BLZ 


tBHZ 


BHE 

















NOTES: 1. CE and OE are enable Aj7 ~ Ao are valid. 
2. Djs/A-1 pin is in the output state when BHE is high, CE and OE are enable. Therefore, the input signals of opposite 
phase to the output must not apply to them. 
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H N6241 4 Se ries — Preliminary 


262,144 x 16-Bit/524,288 x 8-Bit CMOS MASK Programmable 
Read Only Memory 


@ DESCRIPTION 


The HN62414 is a 4-Mbit CMOS mask-programmable ROM orga- 
nized either as 262,414 words by 16 bits or as 524,288 words by 8 
bits. Realizing low power consumption, this memory is allowed for 
battery operation. In addition, the HN62414, which provides large 
capacity of 4M bits, is ideally suited for kanji character generators. 


m@ FEATURES (DP-40) 


e Single +5V Power Supply 
e Three-State Data Output for OR-Tieing 
e TTL Compatible 


¢ Maximum Access Time.................25. 170/200ns (max.) 
e Low Power Consumption ................ 100mW (typ.) Active 
5yW (typ.) Standby 


e Byte-wide or Word-wide Data Organization with BHE 
@ ORDERING INFORMATION (FP-44A) 


600 mil 40 pin 
HN62414P-17/20 170/200ns Plastic DIP 


HN62414FP-17/20 170/200ns 44 pin Plastic QFP 
HN62414F-17/20 170/200ns 48 pin Plastic SOP 



















@ BLOCK DIAGRAM (FP-48) 
AO DO 
Address Memory Hex/ Zone 
Buffer Array Byte ouput 
Buffer 






D15 
(D7) 


7 7 F 


| 





BHE = Vind 16-bit (D45 = Do) 
BHE = Vib; 8-bit (Dy ~ Do) 
* A-1 is least significant address. When BHE is “low”, Diz ~ Dg goes the high impedance state. 
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HN62414 Series 





@ PIN ARRANGEMENT 


HN62414P HN62414F 


Ai7 
Az |_| 
As {__ 
As L_ 
Aa |_| 
As {_| 
A2 
Ai |_| 
Ao |__ 
CE [ | 10 
Vss { | 11 
OE [ | 12 
Do} | 13 
Ds | | 14 
Di} | 15 
Dg | | 16 
Do| | 17 
Dio |_| 18 
D3} | 19 
D1 |_| 20 


Oo AN OA WN = 


40/| | Ag 

39| | Ag 

38 | | A1o 
37] | An 

36 |_| A12 
35 |_| Arg 
34] | Ai 
33 | | Ais 
321 | Ate 
31 | | BHE 
30| | Vss 


29! | D15/A-1 


28| | D7 
271 | Dia 
261 | De 
251 | Di3 
24; | Ds 
23 | | Die 
221 | Da 
21| | Vcc 


(Top View) 


NC | | 
Ai7 L_] 
A7 |_| 
Ae |_| 
As |_| 
Aa [_| 
A3 [_| 
A2 |_| 
Ai |_| 
Ao} | 10 
NC | | 11 
NC | | 12 
NC | | 13 
CE | | 14 
Vss |_| 15 
OE [| | 16 
Do| | 17 
Dg | | 18 
Di| | 19 
Dg | | 20 
Do| | 21 
Dio |_| 22 
D3 | | 23 
Dit |_| 24 


OAnN OA FF WN — 


48} | NC 
47| | Ag 
46 | | Ag 
45| | Ato 
44| | An 
43 | | At2 
42] | A13 
41 |_| Av 
40] | Ais 
39 |_| A16 
38 | | NC 
37} | NC 
36 { | NC 
35| | BHE 
34[ | Vss 
33 D15/A-1 
32] | D7 
31 |_| Di4 
30} | De 
29 | | Dis 
28| | Ds 
27| | Die 
26| | D4 
25} | Vcc 





(Top View) 


11-13 pins and 36-38 pins are connected 
to inner lead frame. 


NOTE: 


HN62414FP 
A4 AS A6 A7 A17 NC A8 de A10A11 Ai2 


44 43 42 41 40 39 38 7 36 35 34 


omen ODO om & WwW PO — 


Dg Dz Dio Ds 7 NC Yeo Dy Di 7 Ds 
(Top View) 
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HN62414 Series 





@ ABSOLUTE MAXIMUM RATINGS 


fem Note 
Supply Vokage i 
All Input and Output Votiage i 
Operating Temperature Range 
Storage Temperature Range 
Temperature Under Bis 


NOTE: 1. With respect to Vss. 


™@ RECOMMENDED OPERATING CONDITIONS (Vss = OV, T, = 0 ~ 70°C) 


tem [Symbol [Min [Typ ‘| Max =< —*Un 
Supply Volge v 
ee = 
qin Sie le Oc 
M@ DC ELECTRICAL CHARACTERISTICS (Vcc = S5V + 10%, Vsg = OV, T, = 0 ~ 70°C) 
Item Test Condition | Min. | Max. | Unit 
aie Veo = 55V.IDour = OmA, igo = Min. [| — | 50 | mA 
Standby | Isp [Voc = 5.5V. CE = Voc-02V | — | 30 | 4A 
input Leakage Current (Tl [Viv=0~Voc—SS—~— | 
Output Leakage Current CE = 2.2V, Vout = 9 ~ Vcc | — | 10 | pA 
ee [Vou [on = 205A SSCSC~‘iS | dC 
io. = L6mA = [ea ¥ 
M@ CAPACITANCE (Vcc = S5V + 10%, Vss = OV, T, = 25°C, Vin = OV, f = 1MHz) 
tem Uni 
input Capacitance [Cw + id Bd 
Output Capacitance | Com | «dS 


NOTE: * This parameter is sampled and not 100% tested. 
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HN62414 Series 


™@ AC ELECTRICAL CHARACTERISTICS (Voc = 5V + 10%, Vss = OV, T, = 0 ~ 70°C) 


HN62414-17 HN62414-20 Un; 


in. ax. 


= 
=> 


Item Symbol 


i 
a 


< 


[Max | Min. | Max. 
Read Cycle Time trc 170 | — | 200 | — | ns 
CE Access Time tae tO e200. ae 
OE Access Time 7 ae re ee 
BHE Access Time tie = | =| 200 | ns 
Output Hold Time From Address Change nae ae ea ea ns 
Output Hold Time From CE | tpee | 9 | = | OT Us 
Output Hold Time From OF ear DD a SC 
Output Hold Time From BHE | tap | © | — | 0 | — | ns 
CE to Output in High Z Ttcuz* | — | 70 | — | 70 | 1 
OE to Output in High Z Fr se Ce (Ce eee 
BHE to Output in High Z | tayz* | — | 7 | — | 70 ns 
CE to Output in Low Z betas OL ef ees 
OE to Output in Low Z toLz 10 — 10 — ns 
BHE to Output in Low Z tBLz PIO ye ee IO eee =) ns 


NOTE:  * tcyz, tonz and tgyz are defined as the time at which the output achieves the open circuit conditions and are not referred 
to output voltage levels. 


e Test Conditions 


¢ Input Pulse Level: 0.8 ~ 2.4V ¢ Input Rise and Fall Time: 10ns 
¢ Input and Output Timing Reference Level: 1.5V ¢ Output Load: 1 TTL gate + CL = 100pF 
(including scope and jig capacitance) 
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HN62414 Series 


@ TIMING WAVEFORM 
e Word Mode (BHE = ‘Vj,,’) or Byte Mode (BHE = ‘Vj,’) (1) 


tre 


Address ee 


toHA 


tcHz 


tcLz tone 


<—] 
OE 
fer 
pu wz _KY XXX vaisbas XX 


NOTES: 1. toa, tpHc, tpHo; determined by faster. 
2. taa, tace, tog; determined by slower. 
3. tcLz, toLz; determined by slower. 


e Word Mode, Byte Mode Switch (2) 


High Z High Z 
At OK KY : 


TAA tDHA 












BHE S 

D7~D0 KKKKXKOK HE KKK Yallg 
VX ey Valid 

D15~D8 IW/\/\/\ hie! /\/N Data 
rll tpuz tBLz 


NOTES: 1. CE and OE are enable Ay7 ~ Ag are valid. 
2. Di5/A-1 pin is in the output state when BHE is high, CE and OE are enable. Therefore, the input signals of opposite 
phase to the output must not apply to them. 
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HN62314B Series — Pretiminary 


524,288 x 8-Bit CMOS MASK Programmable Read Only Memory 
@ DESCRIPTION 


The HN62314B is a 4-Mbit CMOS mask-programmable ROM 
organized as 524,288-words x 8-bits. Realizing low power con- 
sumption, this memory is allowed for battery operation. In addition, 
the HN62314B, which provides large capacity of 4M bits, is ideally 
suited for kanji character generators. 


@ FEATURES 


e Single +5V Power Supply 
e Three-State Data Output for OR-Tieing 
e TTL Compatible 


e Maximum Access Time ...............0. 000 eee 200ns (max.) 
e Low Power Consumption ................ 100mW (typ.) Active 
5uW (typ.) Standby 


e Byte-wide Data Organization 
e Pin Compatible with JEDEC 


M@ ORDERING INFORMATION 


Access Time 


170/200ns 


170/200ns 







Package 


600 mil 32 pin 
Plastic DIP 


32 pin Plastic SOP 






HN62314BP-17/20 








HN62314BF-17/20 


@ BLOCK DIAGRAM 

















AO DO 
Address ae 
Buffer Sulput 
Buffer 

Ai8g D7 
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(Top View) 


Hitachi America, Ltd ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





1107 





HN62314B Series —— 
@ ABSOLUTE MAXIMUM RATINGS 


tem Un Note 
Sanus i 
All Input and Output Voltage i 
Operating Temperature Range 
Temperature Under Bia 


NOTE: 1. With respect to Vss. 


m@ RECOMMENDED OPERATING CONDITIONS (Vsg = OV, T, = 0 ~ 70°C) 


ten Symbol Cr 

Supply Voltage v 
a ay ee es 

sce oc a 

= cc en ee ee ae 


™@ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vs = OV, T, = 0 ~ 70°C) 






Active I Vcc = 5.5V, IDour = OmA, tpc = Min. 


on CC 
S ent == 
vPPy | Standby Voc = 5.5V, CE = Voc -0.2V 
input Leakage Current 
Output Leakage Current CE = 2.2V, Vout = 9 ~ Vec | 10 | 
O Ion = -205pA 2. = 
utput Voltage 
lou = ems 


@ CAPACITANCE (Vcc =S5V + 10%, Vss = OV, Th = 25; VIN = OV, f= 1MHz) 


tem Symbol 
input Capacitance | sy iY 
Output Capacitance 


NOTE: * This parameter is sampled and not 100% tested. 


Unit 


: 


ao] 
) | ‘TI 


™ AC ELECTRICAL CHARACTERISTICS (Voc = 5V + 10%, Veg = OV, T, = 0 ~ 70°C) 


HN62314B- 17 HN62314B-20 
Item Symbol M : Unit 
in. ax. : : 


© * 
=) 
n 


Read Cycle Time | 170 | — | 
Address Access Time tad ns 
CE Access Time 170 200 ns 


== 
CE ae 
OE Access Time a eee 
Output Hold Time From Address Change | tppan | OO 
Oe 
Ee 
ee 


— 
=) 
>) 
MN 


0 


Output Hold Time From CE 

Output Hold Time From OE 

CE to Output in High Z | teyz*® | — | 

OE to Output in High Z 

CE to Output in Low Z | taz | 10 | — | 
OE to Output in Low Z Pe i 


NOTE:  * tcyz and tonz are defined as the time at which the output achieves the open circuit conditions and are not referred to 
output voltage levels. 


=} 
nn” 


I 
on) 
=} 
n 


pry 


| = 
=|] lof) alk 


ns 


>I 
=] 
n 
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HN62314B Series 


e Test Conditions 


e Input Pulse Level: 0.8 ~ 2.4V © Input Rise and Fall Time: 10ns 
e Input and Output Timing Reference Level: 1.5V ¢ Output Load: 1 TTL gate + CL = 100pF 
(including scope and jig capacitance) 


@ TIMING WAVEFORM 


trac 


Address fC 


tDHA 


tcHz 


an om ae ae 
* Fike 

Pane see 

pee 


oe — Sox ame bo _— 


NOTES: 1. tpHa, tpHc, tpHo; determined by faster. 
2. taa, tace, tog; determined by slower. 
3. tcLz, toLz; determined by slower. 
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H N62344B Se ries — Preliminary 


524,288 x 8-Bit CMOS MASK Programmable Read Only Memory 
@ DESCRIPTION 


The HN62344B is a 4-Mbit CMOS mask-programmable ROM 
organized as 524,288-words x 8-bits. Realizing low power con- 
sumption, this memory is allowed for battery operation. In addition, 
the HN62344B, which provides large capacity of 4M bits, is ideally 
suited for kanji character generators. 


@ FEATURES 


e Single +5V Power Supply 
e Three-State Data Output for OR-Tieing 
e TTL Compatible 


e Maximum Access Time ............2000 cece eee 100ns (max.) 
¢ Low Power Consumption ................ 150mW (typ.) Active 
5uW (typ.) Standby 


¢ Byte-wide Data Organization 
e Pin Compatible with JEDEC 


@ ORDERING INFORMATION 


Access Time 
















Package 


600 mil 32 pin 
Plastic DIP 


32 pin Plastic SOP 





HN62344BP 


HN62344BF 


@ BLOCK DIAGRAM 










AO DO 
3-State 
Address Output 
A18 D7 
CE 
OE 
(Top View) 
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HN62344B Series 
@ ABSOLUTE MAXIMUM RATINGS 


item Uni 
Supply Voltage v 
All Input and Output Voltage V 
Operating Temperature Range 2€ 
Storage Temperature Range °C 
Temperature Under Bias °C 


NOTE: 1. With respect to Vss. 


ml RECOMMENDED OPERATING CONDITIONS (Vsg = OV, T, = 0 ~ 70°C) 


Item Symbol Min. Typ. Max. 


Supply Voltage Voc 
Vi 2s | ee es 
Input Voltage iH cc 


™@ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vsg = OV, Ty = 0 ~ 70°C) 


Note 


Unit 


V 


tem Symbol Un 


Active Icc Vcc = 5.5V, IDout = OmA, tre = Min. _ 


ax. 
70 mA 


Supply Current = 

yppyee" TV Standby | Isp | Voc = 5.5V, CE = Voc -0.2V ac ee 
Input Leakage Current | li] _[Viv=0~Voc——S=~wCSi S| 
Output Leakage Current CE = 2.4V, Vout = 9 ~ Vec | — | 10 | pA 


low = -205pA 2.4 


ana | Vor [lon =homA | = OH OV 


Mi CAPACITANCE (Vcc = 5V + 10%, Vsg = OV, T, = 25°C, Vyy = OV, f = 1MHz) 


fem Symbol [Mins Mas 
input Capaciunce [Cy —*[ Ss Si 
Output Capacitance | Con ‘| Sid 


NOTE: * This parameter is sampled and not 100% tested. 


™@ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vsg = OV, Ty = 0 ~ 70°C) 


Item Min. Max. 
Read Cycle Time Ce We ee 
Address Access Time fo ee 
CE Access Time ee oe oe oe 
OF Access Time ioe ea ee ee 
Output Hold Time From Address Change — | toa | 
Output Hold Time From CE Coe Of 
Output Hold Time From OE Oi 0 ed 
CE to Output in High Z peo = | 
OE wo Output in High Z tow* | = i 
CE to Output in Low Z eee i ee 
OE to Output in Low Z oe 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


NOTE:  * tcyz and toyz are defined as the time at which the output achieves the open circuit conditions and are not referred to 


output voltage levels. 
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HN62344B Series 


¢ Test Conditions 


¢ Input Pulse Level: 0.45 ~ 2.4V e Input Rise and Fall Time: 10ns 
e Input and Output Timing Reference Level: 1.5V ¢ Output Load: 1 TTL gate + CL = 100pF 
(including scope and jig capacitance) 


@ TIMING WAVEFORM 


tac 


Address CD 


tDHA 


tcHz 


tar a 
ce 
ar 


High Z \/ ; V High Z 
Dout | g OOK Valid Data X x : 


NOTES: 1. tpya, toHc, tpHo; determined by faster. 
2. taa, tack, tor; determined by slower. 
3. tcLz, to_z; determined by slower. 
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HN62408 Series —Preliminary 


524288-Word x 16-Bit/1048576-Word x 8-Bit CMOS Mask Programmable ROM 


HN62408 Series is a 8-Mbit CMOS mask-programable ROM 
organized either as 524288-word x 16-Bit or as 1048576-Wod x 8- 
Bit. It can be operated with a battery because of low power 
consumption. The large capacity of 8M bits is optimum for a kanji 





character generator. 

Pin Arrangement 
Features 
- Single 5 V HN62408P 


¢ Wired OR is permitted for the output in three states 
« TTL compatible 








¢ Address access time: 200 ns (max) Ai8|_| 1 42{_ J NC 

« Lowpower: Active 100 mW (typ) al7|_]2 41} __JA8 
Standby 5 pW (typ) aw = : = ie 

. Byte-Wide or Word-Wide Data Organization (switched by BHE as(_|5 38|__JAt1 
terminal) aa ¢ sai 

A3, 47 36] _|A13 

A2| {8 35| |A14 

Ordering Information . ae 34} Jats 
Type No. Address Access Time Package a = . : = av 
HN62408P 200 ns 600 mil 42-pin plastic DIP Ves 12 ait Ves 

HN62408FP 200 ns 44-pin plastic QFP OE[ 413 301] D15/A-1 

po[_|14 29[__]07 
ps[ | 15 28{ |D14 

Dif 416 27| {06 
D9{_j17 26] |D13 

D2] | 18 25| |D5 
Dio[__}19 24|__|D12 

p3{ 120 23| |D4 

Dit{ {21 221 | Vcc 

(Top View) 
HN62408FP 





BSSSa2 sees 
ar-az~>F6°7S 


(Top View) 


Note: The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi's Sale Dept. regarding specifications. 
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HN62408 Series 


Block Diagram 


Address Memory Hex/ 
Buffer Array Byte 





BHE = Vm: 16 bits (D15—D0) 
BHE = VL: 8 bits (D7—-D0) 
*1: A-1 is least significant address input, and D14—D8 are of high impedance. 


Absolute Maximum Ratings 


Item Symbol Rating Unit 
Power supply voltage”! Vcc —0.3 to +7.0 V 
Terminal voltage”! VT —0.3 to Vec + 0.3 Vv 
Operating temperature Topr 0 to +70 oC 
Storage temperature Tstg —55 to +125 ® 
Bias temperature Tbias —20 to +85 °C 


Note: *1. With respect to Vss. 


Rrecommended Operating Conditions (Vss = 0 V, Ta = 0 to +70°C) 


Item Symbol Min Typ Max Unit 
Power supply voltage Vcc 45 5.0 Bp) Vv 
inpatvoltuee Vin 22 —- Vcc + 0.3 Vv 

ViL —0.3 — 0.8 V 


DC Characteristics (Vcc = 5 V + 10%, Vss = 0 V, Ta=0 to +70°C) 





Item Symbol Min Max _ Unit Test Conditions 
Active Icc = 50 mA Vcc = 5.5 V, Ipout = 0 mA, trc = Min 

Power supply current —Siondby Iss —_ 30. pA Vec=55 V, CE® Vec-0.2V 
Input leak current [Tur | — 10 pA Vin = 0 to Vcc 
Output leak current | Io | — 10 pA CE = 2.2 V, Vout = 0 to Vcc 

Vou 24 ~ V Too = —205 pA 
SPU NOMAES VoL — 0.4 V Jo. = 1.6mA 
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HN62408 Series 


Capacitance (Vcc = 5 V + 10%, Vss = 0 V, Ta = 25°C, Vin = 0 V, f = 1 MHz) 


Item Symbol Min Max Unit 
Input capacitance*1 Cin — 15 pF 
Output capacitance*1 Cout — 15 pF 


Note: +1. This parameter is sampled and not 100% tested. 


AC Operating Characteristics (Vcc = 5 V + 10%, Vss = 0 V, Ta=0 to +70°C) 
Test Conditions 





Input pulse level: 0.8 to2.4V Output load: 1 TTL gate + Ci = 100 pF 
I/O timing reference level: 1.5 V (including jig capacitance) 
Input rise/fall time: 10 ns 
Item Symbol Min Max Unit 

Cycle time tRC 200 — ns 
Address access time tAA — 200 ns 

CE access time tACE — 200 ns 

OE access time ton — 100 ns 
BHE access time {BHE — 200 ns 
Output Hold Time from Address Change  toHa 0 — ns 
Output Hold Time from CE tDHC 0 =n ns 
Output Hold Time from OE tbHO 0 — ns 
Output Hold Time from BHE {DHB 0 a a ns 
CE to Output in High Z tcnz’! — 70 ns 

OE to Output in High Z tonz”! _ 70 ns 
BHE to Output in High Z taHz'! — 70 ns 

CE to Output in Low Z tcLz 10 —— ns 

OE to Output in Low Z toLz 10 — ns 

BHE to Output in Low Z 1BLZ 10 — ns 

Note: *1  tCHZ, tOHZ, and tBHZ define the time at which the output goes to the high impedance state and is not referenced to output voltage 
level. 
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Timing Waveform 
Word Mode (BHE = "ViH") or Byte Mode (BHE = “VIL") 


Address 


tace 


tour 


toe 


___ touz 


10.071, (rN 
a 


Notes: 1. tDHA, tDHC, tDHO; Determined by whichever is faster. 


2. tAA, tACE, tOE; Determined by whichever is slower. 
3. tCLZ, tOLZ; Determined by whichever is slower. 
© HITACHI 
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HN62408 Series 
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HN62408 Series 


Switching between Word Mode and Byte Mode 


High-Z 


m 


KA 


REIN ART 


re y XXX OOO? y 
PRA LW aon 
___ YY win 


Valid Data 


— 


) 
V 


D1IS~D8 


tanz 





Notes: 1. CE, OE are of selected status. A18—A0 are fixed. 
2. D15/A-1 terminal is of output state when BHE = Vm, CE and OE are of selected state. 
At this time, an input signal that is of the inverse phase to the output should not be impressed. 
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HN62308B Series 


1048576 x 8-Bit CMOS MASK Programmable Read Only Memory 


@ DESCRIPTION 


The HN62308B is a 8-Mbit CMOS mask-programmable ROM 
organized as 1048576-words x 8-bits. Realizing low power con- 
sumption, this memory is allowed for battery operation. In addition, 
the HN62308B, which provides large capacity of 8M bits, is ideally 
suited for kanji character generators. 


@ FEATURES 


e Single +5V Power Supply 
¢ Three-State Data Output for OR-Tieing 
¢ TTL Compatible 


e Maximum Access Time ..............00 cece eees 200ns (max.) 
¢ Low Power Consumption ................ 100mW (typ.) Active 
5uW (typ.) Standby 


¢ Byte-wide Data Organization 
e Pin Compatible with JEDEC 


M@ ORDERING INFORMATION 


Access Time 


200ns 











Package 


600 mil 32 pin 
Plastic DIP 


32 pin Plastic SOP 





HN62308BP 









HN62308BF 


m@ BLOCK DIAGRAM 








DO 


AO 






3-State | 
Output 
Buffer 








Address 
Buffer 


D7 





(Top View) 
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HN62308B Series 
@ ABSOLUTE MAXIMUM RATINGS 


Item Symbol 
Supply Voltage -0.3 ~ +7.0 


All Tnpat and Ourput Vohage 
Operating Temperature Range 
Storage Temperature Range 
Temperature Under Bia 


NOTE: 1. With respect to Vss. 


@ RECOMMENDED OPERATING CONDITIONS (Vs = OV, T, = 0 ~ 70°C) 


Item Symbol | Min. | Typ. Max. 
Supply Voltage 


Input Volta - 
aailied a (a 


™ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vsg = OV, T, = 0 ~ 70°C) 


Note 


Unit 


tem Symbol | ______Test Condition | Min. | Max. | Uni 


Active Icc V cc = 5 SV, IDout _ OmA, tre = Min. — 


ax. 
50 


mA 


Supply C t CE 
upply Current eeondby | Ign | Veo = 5.5V, CE = Voc 0.2V tele Oe 


Input Leakage Current | I) |Vin=0~VecSSCS—~SCi 
Output Leakage Current CE = 2.2V, Voyr = 0 ~ Vcc | | 
lou = ~205uA 


isan [Vor Tion= ina SSCidC Sid;C 
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HN62308B Series 


@ CAPACITANCE (Vcc =5V + 10%, Vss = OV, 1 = 25°C, VIN = OV, f = 1MHz) 


tem Symbol Un 
input Capacitance [Cy «(|S Sid Si) 
Output Capacitance | Cop «| Sid id 


NOTE: * This parameter is sampled and not 100% tested. 


m AC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vsg = OV, T, = 0 ~ 70°C) 


tem Symbol Un 


in. 
Read Cycle Time trc 200 


20 
Address Access Time ke ee OT ns 
CE Access Time [ince P20 
OE Access Time tor ee ae ns 
Output Hold Time From Address Change ee ee ee ee ee ns 
Output Hold Time From CE fo. fo ee ee 
Output Hold Time From OE ee a ee eee ns 
CE to Ouiput in High Z et = Oe 
GE to Output in High Z a ae ee 
CE to Output in Low Z a ee ee ee ee 
GE to Output in Low Z Eo Oe 


NOTE: = * tcyz and toyz are defined as the time at which the output achieves the open circuit conditions and are not referred to 
output voltage levels. 
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HN62308B Series 


e Test Conditions 


¢ Input Pulse Level: 0.8 ~ 2.4V e Input Rise and Fall Time: 10ns 
¢ Input and Output Timing Reference Level: 1.5V © Output Load: 1 TTL gate + CL = 100pF 
(including scope and jig capacitance) 


@ TIMING WAVEFORM 


trac 
Address a 
tDHA 
CE 
ee tcHz 
OE 
High Z High Z 
Dout : me XK ValidData «= KX } 9 
NOTES: 1. toHa, tpHc, tpHo; determined by faster. 


2. taa, tace, tog; determined by slower. 
3. tcLz, to.z; determined by slower. 
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HN66403P Series 


524,288 x 16-Bit/1,048,576 x 8-Bit CMOS MASK Programmable 
Read Only Memory 


@ DESCRIPTION 


The HN66403P is an 8-Mbit CMOS mask-programmable ROM 
module consisted of 2 pieces of HN62404 products and HD74HCO0 
equivalent product. Realizing low power consumption, this memory 
is allowed for battery operation. In addition, the HN66403P, which 
provides large capacity of 8M bits, is ideally suited for kanji character 
generators. 


@ FEATURES 


¢ Single +5V Power Supply 
e Three-State Data Output for OR-Tieing 
e TTL Compatible 


¢ Maximum Access Time .............-.-000 eee 250ns (max.) 
e Low Power Consumption ................ 100mW (typ.) Active 
5yuW (typ.) Standby 


e Byte-wide or Word-wide Data Organization with BHE 
e Pin Compatible with HN62408P 


@ ORDERING INFORMATION 





600 mil 42 pin 
HN66403P Plastic DIP 
@ BLOCK DIAGRAM 
AO ~ 17 DO ~ 15 
(A-1)" 





BHE = Vy; 16-bit (D}; ~ Do) 

BHE = Vj,; 8-bit (D7 ~ Do) 

* A-1 is least significant address. When BHE is “low”, Dj, ~ Dg goes the high 
impedance state. 
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(DP-42) 


@ PIN ARRANGEMENT 
HN66403P 


OoOOaAnN OOF WN = 


(Top View) 
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HN66403P Series 
@ ABSOLUTE MAXIMUM RATINGS 


fem Symbol Uni Note 


Supply Voltage -0.3 ~ +7.0 V 1 


All Input and Output Voltage -0.3 ~ Vcc +0.3 Vv I 


Operating Temperature Range 
Storage Temperature Range -55 ~ +125 
Temperature Under Bias -20 ~ +85 


NOTE: 1. With respect to Vss. 


m@ RECOMMENDED OPERATING CONDITIONS (Vgzs = OV, T, = 0 ~ 70°C) 


Item Symbol Unit 


Supply Voltage 5.5 
ee 
Input Voltage Vcc X 0.7 fF le cc + 0.3 
03 
NOTE: 1. Others except Aig, CE 
2. Aig, CE 


™ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vos = OV, Ty = 0 ~ 70°C) 


<1<1<j< 


tem [Symbol [Test Condition ‘(| -Min. | Max. | Unit 
sony Conem Past | ec | Veo = 350 Dour = OmA,tac= Min | — | 50 | mA 
Standby | Isp | Voc = 5.5V,CE > Vec-0.2V_ | = | 30 | HA 
Input Leakage Current | liu) [Vw =0~Voc——SSS~S 
Output Leakage Current | Moi] [CE = Voc X 0.7, Voy =~ Veo | — | 10 | #A 
San velucs | Vou [Ton =-205wA | A UV 
[Vou Ho=6mA SSC i 
M@ CAPACITANCE (Vcc = 5V + 10%, Vsg = OV, T, = 25°C, Vin = OV, f = 1MHz) 
fem [symbol Min Mas 
input Capacitance [sy Sd Sid 
Output Capacitance | Coyp «(|S 
NOTE: * This parameter is sampled and not 100% tested. 
@ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vss = OV, T, = 0 ~ 70°C) 
fem Uni 
Read Cycle Time tke 250s 
Address Access Time | tay CT C250 Tits 
CE Access Time | tach | 25s 
OE Access Time [Ses ROM OE ae aa ae 
BHE Access Time | tes | 50s 
Output Hold Time From Address Change ye ee es ns 
Output Hold Time From CE a a a eae eee 
Output Hold Time From OE | tpn | | ts 
Output Hold Time From BHE eee aia (oR aes a ey ee 
CE to Output in High Z | tenz*®§ | ss 
GE to Output in High Z eae a 
BHE to Output in High Z | te*® | Os 
CE to Output in Low Z ae ea I SO Pe ee 
OE to Output in Low Z er a Ce Sei eee 
BHE to Output in Low Z ae ee ee | ee eee 


NOTE: * tcyz, tonz and tgyz are defined as the time at which the output achieves the open circuit conditions and are not referred 


to output voltage levels. 
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HN66403P 


¢ Test Conditions 


e Input Pulse Level: 0.8 ~ 2.4V — ¢ Input Rise and Fall Time: 10ns 
Other except pin Aj;g, CE © Output Load: 1 TTL gate + CL = 100pF 
¢ Input and Output Timing Reference Level: 1.5V (including scope and jig capacitance) 


@ TIMING WAVEFORM 
¢ Word Mode (BHE = ‘Vj,,’) or Byte Mode (BHE = ‘V,’) (1) 


tac 


Address eee, 


a = 
ee Feel 
fe = 

eeu — Cc XXK _validdata XX HS 


NOTES: 1. toHA, tpHc, tpHo; determined by faster. 
2. taa, tacE, tog; determined by slower. 
3. tcLz, to_z; determined by slower. 
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HN66403P 


¢ Word Mode, Byte Mode Switch (2) 


BHE 


D7~D0 


D15~D8 


NOTES: 


1126 


on) CD < 


SD COOKE oR 
KX 


¥XXXO Ne 


I\/\/N\/\ 
ro ae BLZ 













1. CE and OF are enable Aig ~ Ao are valid. 


High Z 


Valid 
Data 


Valid 
Data 


2. Djs/A-1 pin is in the output state when BHE is high, CE and OE are enable. Therefore, the input signals of opposite 


phase to the output must not apply to them. 
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HN624016 Series 


1,048,576 x 16-Bit/2,097,152 x 8-Bit CMOS MASK Programmable 
Read Only Memory 


@ DESCRIPTION 


The HN624016 is a 16-Mbit CMOS mask-programmable ROM 
organized either as 1048576 words by 16 bits or as 2097152 words by 
8 bits. Realizing low power consumption, this memory is allowed for 
battery operation. In addition, the HN624016, which provides large 
capacity of 16M bits, is ideally suited for kanji character generators. 


@ FEATURES (DP-42) 


e Single +5V Power Supply 

e Three-State Data Output for OR-Tieing 

e TTL Compatible 

e Maximum Access Time...............--02005: 200ns (max.) 

e Low Power Consumption ................ 100mW (typ.) Active 
5uW (typ.) Standby 

e Byte-wide or Word-wide Data Organization with BHE 


@ ORDERING INFORMATION (FP-48) 


Access Time 












Package 


600 mil 42 pin 
Plastic DIP 


48 pin Plastic SOP 







HN624016P 





HN624016F 


@ BLOCK DIAGRAM 



















AO DO 
Address Memory Hex/ sole 
Buffer Array Byte Satur 
Buffer 


A19 D15 


ne (D7) 
CE 


BHE 
(A-1)" 
OE 


es Sk Le 
$I 





BHE = Vins 16-bit (Djs ~ Do) 
BHE = Viti 8-bit (D7 ~ Do) 
* A-1 is least significant address. When BHE is “‘low’’, Dig ~ Dg goes the high impedance state. 
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HN624016 Series 


m@ PIN ARRANGEMENT 
HN624016P HN624016F 


OOAN OO ah WN — 


1 
2 
3 
4 
5 
6 
7 
8 
9 


33 |_| D15/A-1 


(Top View) (Top View) 
NOTE: 12-13 pin and 36-37 pin are connected to inner lead frame. 


@ ABSOLUTE MAXIMUM RATINGS 





item Not 
Supply Voltage i 
All Input and Ouiput Voltage 
Operating Temperature Range 
Storage Temperature Range 
Temperature Under Bia 
NOTE: 1. With respect to Vss. 
@ RECOMMENDED OPERATING CONDITIONS (Vcg = OV, T, = 0 ~ 70°C) 
fem Uni 
Supply Voltage Vec v 
SMe le, ee 
ee Mes Oe 
@ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vss = OV, T, = 0 ~ 70°C) 
fem Min. | Max | Uni 
Supply Curenr PASE | oo | Vee = 55V.DDoyr = OmA,ige = Min | — [ 50_[ ma 
[standby | Igy | Voc = 5.5V. CE = Voc-02V+| — | 30 | pA 
Input Leakage Current Vin = 0 ~ Vec | — | 0 | pA 
Output Leakage Current | [Ion] | CE = 2.2V, Vour=0~ Veo | = | OA 
Sia nee a Se a 
a 
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HN624016 Series 


lM CAPACITANCE (Vcc = 5V + 10%, Vg = OV, Ty = 25°C, Vin = OV, f = 1MHz) 


NOTE: * This parameter is sampled and not 100% tested. 


™@ AC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vsg = OV, Ty = 0 ~ 70°C) 


item Max Un 
Read Cycle Time ete Oe 
Address Access Time tad eee 200 ns 
CE Access Time [nce 20 
OE Access Time tos 
BHE Access Time ee 200 ns 
Output Hold Time From Address Change tpHA ik ee ns 
Output Hold Time From CE —————— ns 
Output Hold Time From OE ae ee en ns 
Output Hold Time From BHE a ee ee ee eee ns 
GE to Ouput in High Z —tow* [=| «ds 
BHE to Ouiput in High Z tw Od 
GE to Ouput in Low Z alle ee ee 
GE to Ouiput in Low Z es 
BHE to Ouiput in Low Z ee ere) a (ae 


NOTE:  * tcyz, tonz and tgyz are defined as the time at which the output achieves the open circuit conditions and are not referred 
to output voltage levels. 


e Test Conditions 


¢ Input Pulse Level: 0.8 ~ 2.4V ¢ Input Rise and Fall Time: 10ns 
e Input and Output Timing Reference Level: 1.5V © Output Load: 1 TTL gate + CL = 100pF 
(including scope and jig capacitance) 
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HN624016 Series 

@ TIMING WAVEFORM 

e Word Mode (BHE = ‘Vj,,’) or Byte Mode (BHE = ‘V),’) (1) 
tre 


Address _ nae 


tDHA 


- 4 
ee tele 
teiz pas <> 
OE 


Paes EC Fel 
Paee 


toLz 


7 Hott _ XK vata XK 


NOTES: 1. toHa, tpHc, tpHo; determined by faster. 
2. tad, tace, tog; determined by slower. 
3. tcLz, toLz; determined by slower. 


e Word Mode, Byte Mode Switch (2) 


High Z 9 High Z 
A OK KY 


TAA tDHA 


D7~D0 SKK RED ba 


tbHB 


BHE 





YY Valid 


WX / 
D15~D8 IN/\/\/\ ‘ /\ Data 
tauz BLZ 


NOTES: 1. CE and OE are enable Ajo ~ Ag are valid. 


2. Dis/A-1 pin is in the output state when BHE is high, CE and OE are enable. Therefore, the input signals of opposite 
phase to the output must not apply to them. 
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Section 8 
MOS PROM 
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HNSSO0OG4 Series 


8192-word x 8-bit Electrically Erasable and Programmable ROM. 





@ FEATURES 
@ Single 5V Supply 
@ Address, Data, CE, OE Latches 
@ Byte Erase / Byte Write Time........ 10 ms typ. 
@ Chip Erase Time............ ",... 20 ms typ. 
@ Fast Access Time................ 250/300ns max. 
@ Low Power Dissipation............ 300mW typ. (Active) 
ip ds sient i be ies 125mW typ. (Standby) 
@ Comforms to JEDEC Byte-Wide Standard 
® Reliable N-channel MNOS Technology (DP-28) 


@ 10000 Erase/Write Cycles = PIN ARRANGEMENT 


w ORDERING INFORMATION 


HN58064P-25 250ns 600 mil 28 pin Plastic 
HNS8064P-30 | 300ns | DIP 


= BLOCK DIAGRAM 
ve ee eee 
V,, 0 Generator eee | 















1/O Buffer 
and 
Input Latch 







Erase, Write, Powerdown 
Control Logic 











7 oa | 
ts S 
Address 
Buffer 
and Top View 
A7 Latch age ; 
rray 
( ( 256 X 256) AO — A12 Address Input 
‘ie 1/00 — 1/07 Data in / Data out 
OE Output Enable 
CE Chip Enable 
= MODE SELECTION We | Write Enable 
MODE CE (20) | OE (22) Vee power ew 
=. Vss GND 
ea Pa 
NC No Connect 
X: Vyzy or Vy 
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HN58064 Series 


«= ABSOLUTE MAXIMUM RATINGS 


Supply Voltage*! Voc -0.6 to +7.0 V 
Input Voltage *1 ~0.6 to +7.0 V 
Operating ° 
Storage ° 
Temperature Range —55 to +125 Cc 


Note: *1. With Respect to Veg 


= RECOMMENDED DC OPERATING CONDITIONS 


Item Symbol | min | typ 
inpun’Veltaas Cee ee 


Operating 
Temperature Topr | 


= DC AND OPERATING CHARACTERISTICS (Ta = 0 to 70°C, Voc = 5V +10%) 


Vcct! 


Output Low Voltage VOL Toy = 2.1mA ft etn a 
Output High Voltage VoH | lon =—400uA re 


® CAPACITANCE (Ta = 25°C, f = 1MHz) 


Parameter 


Input High Voltage 1H 2.0 
2.4 


Parameter Test Condition | min =| typ | max | Unit 
Input Leakage Current Vcc = 5.5V, Vin = 5.5V a ee ee BA 
Vcc Current (Active) CE = Viz F = | 60 | 100 | mA 
Input Low Voltage | -01 | - | 08 | 
| 20 | = | veer | 
ae ee 
an ee 


Input Capacitance 





Output Capacitance 


® AC TEST CONDITIONS 

Input Pulse Levels: 0.4V to 2.4V 

Input Rise and Fal! Time: S$ 20ns 

Output Load: 1TTL Gate + 100pF 


Reference Level for Measuring Timing: 0.8V and 2.0V 
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HN58064 Series 





m AC CHARACTERISTICS (7, =0 to +70°C, Voce =5V + 10%) 
@ READ OPERATION 


Parameter Test Condition Unit 
Address to Output Delay tacc | CE=O0E= V7, WE= Vin | - | 250 | - | 300 | ns 
CE to Output Delay tce | OE=Vzy_ WE=Viy | - | 250 | - | 300 | ns 
OE to Output Delay tog | CE=V7,, WE=Viy | - | 100 | - | 150 | ns 
Address to Output Hold | ton | CE=OE=Vy.WE=Viw | 0 | - | 0 | - | os 
OE High to Output Float tpr_| CE=¥n.WE=Vin | o | 90 | o | 130 | ns 


Note: tp y is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 


@ WAVE FORM ..............000 ..... READ CYCLE 


Address 4 


q 


ton _, 
. = 


High x 
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HN58064 Series 


@ BYTE ERASE AND BYTE WRITE OPERATION 


Address pata Time ett ns 
@ WAVE FORM ..............ccsecossseesens ERASE AND WRITE CYCLE 


hate Yee 


\ hz 


toEs lOEH 
ee / N 
OF 
{WEN 
" XX 
tps (vx 
{Note 2, 
Data in 


Notes: 1. CE or OE should be “1” and in Standby Mode or Deselect Mode before Write/Erase operation. 
2. 1/00 to I/O7 must be “‘1”’ in Byte Erase. 
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HN58064 Series 


@ Read Cycle after Byte Erase or Byte Write 


HN5 8064-25 
Parameter Symbol 
min*? typ max 
Address setup time tas 0 _— — 
Address hold time tAH 100 — — 
CE setup time tCES 0 — — 
CE hold time tCEH 100 = - 
OE setup time tDES 0 ~ — 
OE hold time tDEH 100 _ _ 
WE pulse width t WEPI 10 12 15 
CE high time tCH 10 _ _ 
Data setup time tps 0 - — 
Data hold time tDH 100 _ — 
Address to output delay time taCC 250 ~ - 
CE to output delay time tCE 250 = = 
OE to output delay time tOE 100 - - 


Note: 


1. Use this device in longer cycle than this value. 


@ Read Timing Waveform after Byte Erase or Byte Write 





Va’ATAAY eR AVY Ye YY VY KK 
Address YOM OR 


tces ae 


CE ANN soa | 





Data 





min*? 


0 
100 
0 
100 
0 
100 
10 
10 
0 
100 
300 
300 
150 


HNS5 8064-30 
typ max 


Unit 


~ - ns 
_ - ns 
_ _ ns 


_ ~ ns 


2 = us 
a ~ ns 
~ -- ns 
_ — ns 
~ -- ns 


- _ ns 


tacc 


ce Ts | ax $} SK 
ee ee 


Data Out 


Notes: 1. CE or OE should be high and in standby mode or deselect mode before write/erase operation. 


2. 1/00 to I/O7 must be ‘‘1”’ in byte erase. 
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HN58064 Series 


@ CHIP ERASE OPERATION 


@ WAVE FORM......... CHIP ERASE 


x \\s CIE 
toes | [ton 


{WEH 


ae ee 


tbs (DH 


Data in Stable 


Notes: 1. I/O0 ~ 7 must be “1” in Chip Erase Operation. 
2. Don’t Care about Address. 
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HNSScCGS5 Series 


8192-word x 8-bit Electrically Erasable and Programmable CMOS ROM 


FEATURES HNS58C65P Series 
Single 5V Supply 
On Chip Latches; Address, Data, CE, OE, WE 
Automatic Byte Write ..... 10ms max. 
Automatic Page Write 

(32byte) ........ 10ms max. 
Fast Access Time ........ 250ns max. 
Low Power Dissipation . . . 20mW/MHz typ. (Active) 

... 2MW typ. (Standby) 

DATA Polling and Ready/Busy 
Data Protection Circuity on Power On/Power Off (DP-28) 
Conforms to JEDEC Byte-Wide Standard 
Reliable CMOS with MNOS Cell Technology 
10° Erase/Write Cycles in page mode and 10 year Data 
Retention 


HNS8C65FP Series 


m ORDERING INFORMATION 









Access Time Package 


600 mil 28 pin Plastic DIP 










HNS8C65P-25 











HN58C65 FP-25 28 pin Plastic SOP (FP-28D/DA) 
Note) T is added to the end of the type no. for a SOP of 3.0mm 
CNSR ema: = PIN ARRANGEMENT 
RDY/Bus Ve 
= BLOCK DIAGRAM ‘j ee 
Al2 WE 
Vireetee 1/00 07 AT NC 
Vss O Generator 0 e AG A8 
OE CO > 1/O Buffer AS A9 
. and A4 All 
CE O Control Logic and Input Latch a 
WE O Timing | A3 OF 
A2 Al0 
ANC : ene 
J poieboe=] 4 : 


1/07 
A4 1/06 


Address | 
AS vod /0l 1/05 
ne 7 X 7, Memory 1/02 1/04 
Decoder Array Ves 1/03 
A120 (Top View) 


w PIN DESCRIPTION 


1/O1 — 1/07 | Data In/Data Out 





OE Output Enable 
CE Chip Enable 
WE Write Enable 


RDY/Busy | Ready/Busy 
Voc Power (+5V) 
Vss GND 


NC No Connect 
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HN58C65 Series 


= MODE SELECTION 


CE pied Ane I/O 
MODE (20) G2) (7) (11 — 13,15 —- 19) 
Standby Z High Z 
Write High 2 Vou Din 
Deselect VIL | Vin Ving High Z High Z 
Write fait a ee a eB - 
Write Inhibit [x | Yn |x| High : 
Data Polin iu | Vu | Vn | Yor | Dats Out TOT 
Note: X: Vyz or Viz 
= ABSOLUTE MAXIMUM RATINGS 
item Unit 
Supply Voltage”! fee —0.6 to +7.0 V 
Storage Temperature Range —55 to +125 aC 
Notes: *1. With respect to Vgg. 
#2. ~3.0V for pulse width S 50ns. 
® RECOMMENDED DC OPERATING CONDITIONS 
| = a 
ae ia ae = 
: [Yn [32 T veoti | 
Operating Temperature [ Topr | 0 | - | 70 | ve 
= DC AND OPERATING CHARACTERISTICS (Ta =0 to +70°C, rs 
Input Leakage Current oa ay 2 BA 
=5.5V 
om 5.5V 
Output Leakage Current Ino Vout = 5.5/0.4V p- | - fa pA 
Iout= oa duty=100%, 
V, Current (Active) I cycle 1 : | - | - | 8 | maA 
di 0c? BE Bay au=T00% Se A ER 


Note: *1, —1.0V for pulse width 2 -_ 


@ CAPACITANCE (7, =25 C, f=1MHz) 


a 
ee a ee A 


















Input Capacitance 


Output Capacitance 
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HN58C65 Series 


m= AC CHARACTERISTICS (7,=0 to +70°C, Voc=5V+ 10%) 
@ AC Test Conditions 


input Pulse Levels: 0.40V to 2.4V 
Input Rise and Fall Time: S 20ns 


Output Load: 1TTL Gate + 100pF 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2V 


Outputs; 0.8V and 2V 
@ Read Operation 


arameter ymobo est Condition Pmax. | ni 
Address to Output Delay 
CE to Output Delay al 


ns 






OE to Output Delay 


Address to Output Hold 





OE High to Output Float 


Address 4 





tOH 


High 


KEG ate Out Valid SS 
on KEI ata Out Valid Data Out Valid D>? 
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HN58C65 Series 


@ Byte Erase and Byte Write Operation (WE Controlled Write Cycle) 





Parameter | Symbol =| min. typ. | max. | Unit 
Address Setup Time tas Po fl lu ns 
CE to Write Setup Time | tes | oF | - | = | ns 
Data Setup Time 100 Poe fe ns 
Data Hold Time ton ee ee, 
OE to Write Setup Time | toes | 0 | - | - | ns 
Write Cycle Time bea fF = | = | 10 | ms 
Byte Load Window ing ee ee ee Ee 


assess QOH PKS 
c SS 


we o~* a 
. x 
FF QQ” INN 


ths 


jyesaelne 


8: 


N, 





RDY/BUSY 
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HN58C65 Series 


@ Byte Erase and Byte Write Operation (CE Controlled Write Cycle) 


Parameter | Symbol =| min. | typ. | max. | Unit 
GE toWriteSeupTime | tes. |.0 || 2 | 
Address Hold Time oe Ee ee ee 
Data Setup Time tos 100 fo o= | = | ns 
OE to Write Setup Time | tors | 90 | - | - | ns 
Data Latch Time toi Ce ee ee es 
Time to Device Busy tps 120 Po | ee ns 
Byte Load Window tag: Ce ee ee - us 


ce ~~ 
Dewi 
- 
=" a 
Ke 


FOXY" NAA 


ths 


paces ea 


: =e 


RK 


= 
cy 


RDY/BUSY 
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HN58C65 Series 


@ Page Erase and Page Write Operation (WE Controlled Write Cycle) 


CE to Write Setup Time tos be -aOhe ie ee ns 
Write Pusle Width twp 20 =| - | - | om 
Address Hold Time Gig 150 ee ns 
Data Setup Time tps ee a ns 
OE to Write Setup Time | tors | 9 | - | - | ns 
Data Latch Time tp. | 100 | ns 
Time to Device Busy tpDB 120 i Sa ns 
Write Cycle Time twe Sa ms 
Byte Load Cycle 0.3 _ us 
oh — CMY MNNMNMMNOALL 
AO to A4 


cote 
arm 
aa 
Y 


ABN 2 VAAN EN AN AEA 


se) 
G9] 


ie tou 
Dn 0). On Ce acd 


tb 


RDY/BUSY 
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& 


HNS58CE65 Serie 
® Page Erase and Page Write Operation (CE Controlled Write Cycle) 


Parameter Symbol typ. 





| min 
Address Setup Time tas BO. ie ed ns 
CE to Write Setup Time tos a a aa ns 
CE Pulse Width tow ns 
Address Hold Time oe | = os 
Data Setup Time tos | = ns | 
Data Hold Time a i ee ee ee ae 
OE to Write Setup Time | tors | 0 | = | = | ns 
Data Latch Time toi | 100 | - | - | ns 
Time to Device Busy tpB a oe ae ee eae ns 
Write Cycle Time twc ae ee ee oe ms 
Byte Load Window (BL 100 a ee Ms 
Byte Load Cycle tBLC 0.3 = 30 MS 





Address 


rye WY) Ait 





oie C2 X 2 X92 AM 
oF \\\ 
mE A\ A\ A\ KN 
oF Y y Y WK 
. OH) 


RDY/BUSY f 
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HN58C65 Series 


@ Automatic Page Write 

Page-mode write feature allows | to 32 bytes of data to be written into the EEPROM in a single write cycle. 
Following the initial byte cycle, an additional 1 to 31 bytes can be written in the same manner. Each 
additional byte load cycle must be started within 30us of the preceding rising edge of the WE. 


® DATA Polling 
Data polling allows comparison operation to determine the status of the EEPROM. During a write cycle, an 
attempted read of the last byte written in the EEPROM results in the complement data of that byte at I/O7. 


@ RDY/Busy Signal 

RDY/Busy signal can be also used to determine the status of the EEPROM. The RDY/Busy signal has 
high impedance, except in a write cycle and is lowered to Voz after the first write signal. At the end of 
a write cycle, the RDY/Busy signal changes state to high impedance. 


e@ WE, CE Pin Operation 
During a write cycle, addresses are latched by the falling edge of WE or CE and data is latched by the rising 


edge of WE or CE. 


@ Data Protection 
To protect the data during operation and power on/off, the HN58C65 has the internal functions described 


below. 


1. Data Protection against Noise on Control Pins (CE, OE, WE) during Operation 
During readout or standby, noise on the control pins 

may act as a trigger and turn the EEPROM to 

program mode by mistake. WE 

To prevent this phenomenon, the HN58C65 has a 
noise cancellation function that cuts the noise if its 
width is 20ns or less in program mode. Be careful 
not to allow noise of a width of more than 20ns on 


the control pins. oe eee 


5V 





OV 
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HN58C65 Series 


2. Data Protection at Vcc On/Off 


2-1 Prevention of unintentional programming at 
Vcc on/off. 


When Vcc is turned on or off, the noise on the 
control pins generated by external circuits (CPU, 
etc.) may act as a trigger and turn the EEPROM to 
program mode by mistake. To prevent this un- 
intentional programming, the EEPROM must be 
kept in an unprogrammable state while the CPU is 
in an unstable state. 


In addition, when Vcc is turned on or off, the 
input level of on control pins must be held as 
shown in the table below. 
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X: Don’t care. 


HN58C66 Series ——__— 


8192-Word x 8-Bit CMOS Electrically Erasable and Programmable ROM 


The Hitachi HN58C66 is a 64k CMOS EEPROM (electrically 
erasable and programmable ROM), featuring data protection by 
program reset. It realizes low power consumption (60 mW typ) and 
a high level of reliability (10° erase/write cycles and 10 year data 
retention), employing MNOS memory technology and CMOS process 
and circuitry technology. No external circuit for data protection is 
required since a program reset function is added, so its system 
design is easy. It is suitable for IC cards and memory cards. 


Pin Arrangement 


RDY/Busy 
Al2 
Features a 
¢ Single 5 V supply eee AS 
¢ On chip latches: address, data, CE, OE, WE A4 
¢ Automatic byte write: 10 ms max A3 
¢ Automatic page write (32 bytes): 10 ms max A2 
¢ High speed: Access time 250 ns max Al 
* Low power dissipation a 
Active mode: 20 mW/MHz typ 
Standby mode: 2 mW typ 


¢ Data polling and RDY/Busy 

* Data protection circuit on power on/off 

* Conforms to JEDEC byte-wide standard 
¢ Reliable CMOS with MNOS cell technology (Top View) 
* 10° erase/write cycles (in page mode) and 10 year data retention 
¢ Program reset by RES 








Ordering Information Pin Description 
Type No. Access Time Package Pin Name Function 
HN58C66P-25 250 ns 600-mil 28-pin plastic DIP (DP-28) A0-A12 Address 
HN58C66FP-25 250 ns 28-pin plastic SOP*! (FP-28D/DA) 1/O0-I/O7 Input/Output 
Note: Tis added to the end of the type no. for an SOP of 3.00 mm (max) thickness. OE Output enable 
CE Chip enable 
WE Write enable 
Vcc Power supply (+5 V) 
Vss Ground 
RDY/Busy Ready/Busy 
RES Program reset 
© HITACHI 
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HN58C66 Series 





Block Diagram 
Veco O—> High Voltage 
Vss O—> Generator 
RES o—> 
OE ¢ 
CE. 





eho 
° Control Logic and 
WE © Timing | 













|/00~1/07 


|/O Buffer 
and 
input Latch 





AQ © Y 
Fae en oe 
A4 Address | 
Buffer 
and 
X Memory 
AS Latch omaad Decoder aes Array 
| e 
A12~ | ' 
Data Latch 
Mode Selection 
Mode CE OE WE RDY/Busy RES VO 
(20) (22) (27) (1) (26) (11-13, 15-19) 
Read Vit Vi Vin High-Z Vu"! Dout 
Standby Vin x x High-Z x High-Z 
Write ViL Vin ViL High-Z— Vor VH Din 
Deselect VL Vin Vi High-Z Vu High-Z 
eres x x Vin High-Z x — 
ee x Vu. x High-Z x = 
Data polling ViL ViL Vin VoL VH Data out (I/O7) 
Program reset x x x High-Z ViL High-Z 
Notes: *1. Refer to the recommended DC operating condition. 
*2. x = Don’t care. 
Absolute Maximum Ratings 
Item Symbol ——s—s—s—sSsCsé«V due Unit 
Supply voltage”! Vcc —0.6 to +7.0 V 
Input voltage”! Vin —0.5** to +7.0 Vv 
Operating temperature range”? Topr 0 to +70 °C 
Storage temperature range Tstg —55 to +125 °C ian 
Notes: *1. Relative to Vss 
*2. Vin min = —3.0 V for pulse width < 50 ns 
*3. Including electrical characteristics and data retention 
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HN58C66 Series 


Recommended DC Operating Conditions 


Item Symbol Min Typ Max Unit 
Supply voltage Vcc 45 5.0 5.5 V 
ViL —0.3 — 0.8 V 
Input voltage Vi 2.2 — Vcc + 1 V 
VuH Vcc-0.5 — Vcc + 1 V 
Operating temperature Topr 0 — 70 2c 


DC Characteristics (Ta = 0 to +70°C, Vcc =5 V+ 10 %) 


Item Symbol Min Typ Max Unit Test Conditions 
Input leakage current Iu = = 2°’ WA Vec= 5.5 V, Vin=5.5 V 
Output leakage current ILo — — 2 LA Vec=5.5 V 

Vout = 5.5/0.4 V 
Vcc current (standby) Icc1 — — 1 mA CE = Vin 
acts = 8 mA Iout = 0 mA, duty = 100% 
Vcc current (active) Icc2 cycle = Ips 


05 mA Tout =O mA, duty = 100% | 
a ae ee ee ee eh em C10 ee 


Input low voltage ViL 03°" — 0.8 V 
' Vin 2.2 — Vcc+1 V 
Input hi It 
Pirene) rae VH Vcc — 0.5 — Vec+l V 
Output low voltage VoL — — 0.4 V Jor = 2.1 mA 
Output high voltage Vou 2.4 — — V Tou = -400 HA 
Notes: *1. ILton RES = 100 pA max. 
*2. ViL min = -1.0 V for pulse width < 50 ns 
Capacitance (Ta = 25°C, f = 1 MHz) 
Item Symbol Min Typ Max Unit Test Conditions 
Input capacitance Cin a — 6 pF Vin=0V 
Output capacitance Cout — — 12 pF Vout=0V 
AC Characteristics (Ta = 0 to + 70°C, Vcc =5 V+ 10%) 
Test Conditions 
Input pulse levels: 0.4Vto2.4V Output load: 1TTL Gate + 100 pF 
Input rise and falltime: =< 20ns Reference levels for measuring timing: 





Inputs; 0.8 Vand 2.0 V 
Outputs; 0.8 V and 2.0 V 
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HN58C66 Series 


Read Cycle 
Item Symbol Min Max Unit Test Conditions 
Address to output delay tacc — 250 ns CE = OE = Vu, WE = Vii 
CE to output delay tcE _ 250 ns OE = Vi, WE = Vin 
OE to output delay tOE 10 100 ns CE = Vin, WE = Vm 
Address to output hold toH 0 = ns CE = OE = Vu, WE = Vii 
== (DF 0 90 ns CE = Vu, WE = Vii 
Biieitcouepartiat. © <2 DE A 
SP eon ae IDFR = 350 ns CE = OF = Vn, WE = Vii 
RES to output delay tRR — 450 ns CE = OE = Vu, WE = Vin 


Read Timing Waveform 


tacc | ton 


OE 


High 


trr 


_— ee 


| 


Data Kf oataotvaia DS 
= 


Ps) 
m 
n 
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HN58C66 Series 


Byte Erase and Byte Write Cycle ( WE Controlled ) 





Item Symbol Min Typ Max Unit 
Address setup time tas 0 — — ns 
CE to write setup time tcs 0 — — ns 
Write pulse width twP 200 — — ns 
Address hold time taH 150 — — ns 
Data setup time tps 100 — es ns 
Data hold time (DH 20 — — ns 
CE hold time tcH 0 — — ns 
OE to write setup time tOES 0 _ — ns 
OE hold time toEH 0 am ee ns 
Data latch time IDL 100 — — ns 
Time to device busy IDB 120 — — ns 
Write cycle time twc — — 10 ms 
Byte load window tBL 100 — — [Ls 
Reset protect time tRP 100 — — Ls 
Reset high time tRES ] — — Us 


Byte Erase and Byte Write Timing Waveform (1) ( WE controlled ) 


SS kK 


ter 


=a 


aes 


tas 


= ar 
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HN58C66 Series —£§$@-@ ————__ 


Byte Erase and Byte Write Cycle ( CE Controlled ) 








Item Symbol Min Typ Max Unit 
Address setup time tas 0 — — ns 
CE to write setup time tcs 0 — — ns 
Write pulse width tcw 200 — — ns 
Address hold time tAH 150 — — ns 
Data setup time ts 100 —_ ao ns 
Data hold time (DH 20 — — ns 
CE hold time (cH 0 a a” ns 
OE to write setup time tos 0 — = ns 
OE hold time toBH 0 — — ns 
Data latch time (DL 100 — — ns 
Time to device busy (DB 120 — ~ ns 
Write cycle time twc — — 10 ms 
Byte load window {BL 100 — — [ls 
Reset protect time tRP 100 — — Ls 
Reset high time {RES 1 —_ — Ls 


Byte Erase and Byte Write Timing Waveform (2) (CE controlled) 


Mee SOO POOSSSDE|’’I 
- | tep 
Oh 


no 
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an 
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HN58C66 Series 


Page Erase and Page Write Cycle ( WE Controlled ) 


Item Symbol Min Typ Max Unit 
Address setup time tas 0 — — ns 
CE to write setup time tcs 0 ~ — ns 
Write pulse width tcw 200 _— — ns 
Address hold time taAH 150 — — ns 
Data setup time tps 100 — — ns 
Data hold time (DH 20 — — ns 
CE hold time cH 0 — — ns 
OE to write setup time toEs 0 — — ns 
OE hold time toEH 0 — — ns 
Data latch time (DL 100 — —— ns 
Time to device busy (DB 120 — — ns 
Write cycle time twc a — 10 ms 
Byte load window {BL 100 — — [Us 
Byte load cycle tBLC 0.3 — 30 [Us 
Reset protect time tRP 100 — — [Us 
Reset high time TRES 1 — — Us 


Page Erase and Page Write Timing Waveform (1) (WE Controlled) 


Address 
A5 to Al2 


Address 
AO to A4 





RDY/Busy 
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HN58C66 Series 


Page Erase and Page Write Cycle (CE Controlled) 


Item Symbol Min Typ Max Unit 
Address setup time tas 0 — — ns 
CE to write setup time tcs 0 — — ns 
Write pulse width tcw 200 — — ns 
Address hold time taH 150 — — ns 
Data setup time tos 100 — — ns 
Data hold time toH 20 — — ns 
CE hold time tCH 0 — — ns 
OE to write setup time toEs 0 — — ns 
OE hold time toBH 0 — — ns 
Data latch time {DL 100 — — ns 
Time to device busy IDB 120 — — ns 
Write cycle time twc — — 10 ms 
Byte load window tBL 100 — — Us 
Byte load cycle tBLC 0.3 — 30 is 
Reset protect time tRP 100 — — [us 
Reset high time tRES 1 — — Ls 


Page Erase and Page Write Timing Waveform (2) (CE Controlled) 


Address 
A5 to Al2 


areas =—C(U OK OK XX 29 XK 30X31 X\A\\ 


tas Ny t 7 


fe. 


Raa ae 


yPY YW WAS 
26) 2G), 


RDY/Busy 
joie 
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Functional Description 


* Automatic Page Write 

Page-mode write feature allows 1 to 32 bytes of data to 
be written into the EEPROM in asingle write cycle. Following 
the initial byte cycle, an additional 1 to 31 bytes can be 
written in the same manner. Each additional byte load cycle 
must be started within 30 us from the preceding falling edge 
of WE or CE. Data can be written and accessed 105 times 
per page. Therefore, page write allows the data to be written 
10° times in 32-byte units, 2 x 10° times in 16-byte units, or 
4x 10° times in 8-byte units. 


* Data Polling 

Data polling allows the status of the EEPROM to be 
determined. lf EEPROM is set to read mode during a write 
cycle, an inversion of the last byte of data to be loaded 
outputs from 1/07 to indicate that the EEPROM isperforming 
a write operation. 


* RDY/Busy Signal 

RDY/Busy signal also allows the status of the EEPROM 
to be determined. The RDY/Busy signal has highimpedance 
except in write cycle and is lowered to Vo after the first write 
signal. At the end of a write cycle, the RDY/Busy signal 
changes state to high impedance. 








* WE, CE Pin Operation 

During a write cycle, addresses are latched by the falling 
edge of WE or CE, and data is latched by the rising edge of 
WE or CE. 


* RES Signal 

When RES is low, the EEPROM cannot be read or 
programmed. Therefore, data can be protected by keeping 
RES low when Vcc is switched. RES should be high during 
read and programming because it doesn’t provide a latch 
function. 


Vec 
Read inhibit Read inhibit 


RES 


Program inhibit Program inhibit 
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——_——  HN58C66 Series 


* Data Protection 
Data Protection against Noise on Control 
Pins (CE, OE, WE) during Operation 


During readout or standby, noise on the 
control pins may act as a trigger and turn the 
EEPROM to program mode by mistake. 

Toprevent this phenomenon, the HN58C66 
has a noise cancelation function that cuts 
noise if its width is 20 ns or less in program 
mode. 

Be careful not to allow noise of a width of 
more than 20 ns on the control pins. 


< . 
—— i ih 
e e 


20ns max 
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HN58C256 Series — Under Development 


32768-Word x 8-Bit Electrically Erasable and Programmable CMOS ROM 


The Hitachi HN58C256 is an electrically erasable and Pin Arrangement 
programmable ROM organized as 32768-word x 8-bit. It realizes 
high speed, low power consumption, and ahigh reliability, employing 
advanced MNOS memory technology and CMOS process and 
circuitry technology. It also has a 64-byte page reprogramming 
function to make its erase and write operations faster. 


Features 
¢ Single 5 V supply 
¢ On-chip latches: address, data, CE, OE, WE 
¢ Automatic byte write: 10ms max 
« Automatic page write (64 bytes): 
10 ms max 
¢ Fast access time: 150 ns max / 200 ns max 


e Low power dissipation: 20 mW/MHz, typ (Active) 
100 pW max (Standby) 

¢ Data polling 

« Data protection circuit on power on/off (Top View) 

¢ Conforms to JEDEC byte-wide standard 

¢ Reliable CMOS with MNOS cell technology 

¢ 10° erase/write cycles (in page mode) and 10 year data retention 








Ordering Information Pin Description 
Type No. Access Time Package Pin Name Function 
HN58C256P-15 150 ns 600-mil 28-pin A0-A14 Address 
HN58C256P-20 200 ns plastic DIP (DP-28) 1/O0-1/07 Input/Output 
HNS58C256FP-15 150 ns 28-pin OE Output enable 
HN58C256FP-20 200 ns plastic SOP"! (FP-28D/DA) CE Chip enable 
Notes: *1. Tis added to the end of the type no. for an SOP of 3.00 mm (max) WE Write enable 
thickness. as Vcc Power supply 
Die shipment is also available. Because the die has a RES pad, it can “Ven =SOtC<“CS*~S tS eee 


perform a reset function (refer to HN58C66 data sheet). 


The specifications of this device are subject to change without notice. Please contact 
your nearest Hitachi's Sales Dept. regarding specifications. 
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HN58C256 Series 


Block Diagram 


Veo. oe High Voltage \/00--1/07 
Vss O—> Generator 0 . 


1/0 Buffer 
and 
Control Logic and Input Latch 
Timing 


Y 
Address i 


Buffer 


and 
X ; Memory 


Latch Decoder Array 


t 


Data Latch 
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HN27C256AG Series — — 


32768-Word x 8-Bit UV Erasable and Programmable ROM 


This Hitachi HN27C256AG is a 256-kbit ultraviolet erasable 
and electrically programmable ROM, featuring high speed and 
low power dissipation. 

Fabricated on advanced fine process and high speed circuitry 
technique, the HN27C256AG makes high speed access time 
possible for 16 bit microprocessors such as the 8086 and 68000. 
And low power dissipation in active and standby modes matches 
our CMOS 256-kbit EPROM. 

In programming operation, the HN27C256AG realizes faster 
programming time than our conventional 256-kbit EPROM by 
Hitachi’s Fast High-Reliability Programming Algorithm. 

Pin arrangement, pin configuration and programming voltage 
are compatible with our 256-kbit EPROM series, therefore 
existing programmers can be used with the HN27C256AG. 


Features 
@ High speed 
Access time .......... 20000: 100/120/150ns (max.) 
® Low power dissipation 
Active mode ............. 25 mW (typ.) (f = 1 MHz) 
Standby mode ........... 002 ee eens 5 uW (typ.) 


@ High reliability and fast programming 

Programming voltage: +12.5V DC 

Fast High-Reliability Programming Algorithm available 
@® Device identifier mode 

Manufacturer code and device code 


Ordering Information 


Type No. Access Time Package 
HN27C256AG-10 100 ns 
HN27C256AG-12 120 ns 600-mil 28-pin cerdip 
HN27C256AG-15 150 ns 


Note) The specifications of this device are subject to change without notice. 


Please contact Hitachi’s Sales Dept. regarding specifications. 
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Preliminary 


(DG-28) 


Pin Arrangement 





(Top view) 


Pin Description 


Pin Name 

AO — Al4 

1/O0—107 
CE 
OF 
Vcc 
Vpp 
Vss 


Function 
Address 
Input/Output 
Chip enable 
Output enable 
Power supply 
Programming power supply 
Ground 
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HN27C256AG Series 


Block Diagram 


A4-A9 512x512 
Al2-Al4 ; Memory Matrix 


Al0, All 


[De High Threshold 


Inverter 





Mode Selection 





Mode (20) 02) (04) tis OS  ai- 345 — 19) 

Read VIL VIL x Vcc Voc Dout 
Output disable VIL VIH x Vcc Vcc High Z 
Standby VIH x Xx Vcc Voc High Z 
Program VIL VIH x V pp Vcc Din 

Program verify VIH VIL x V pp VCC Dout 
Optional verify VIL VIL x V pp Vcc Dout 
Program inhibit VIH VIH Xx Vpp VCC High Z 
Identifier VIL VIL VH*2 Vcc Vcc Code 


Notes: 1. x = Don’t care. 
2. Vy =12.0V +0.5V. 


Absolute Maximum Ratings 


Item Symbol Value Unit 
All input and output Voltages*! Vin, Vout -0.6*2 to +7.0 V 
AQ input voltage*1! VID ~—0.6 *2 to +13.5 V 
V pp voltage*1 Vpp ~0.6 to +13.5 V 
Vcc voltage”! Vcc -0.6 to +7.0 Vv 
Operating temperature range Topr Q to +70 2G 
Storage temperature range Tstg -65 to +125 °C 
Storage temperature range under bias Tbias -—10 to +80 ne 





Notes: 1. Relative to Vgg. 
2. Vin, Vout, Vzp min = -1.0V for pulse width S 50ns. 
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HN27C256AG Series 


Capacitance (7a = 25°C, f= 1 MHz) 


Parameter 
Input capacitance 
Output capacitance 


Read Operation 


Parameter 
Input leakage current 
Output leakage current 
V pp current 


Standby Vcc current 
Operating 


Operating Vcc current 
Input low voltage *3 


Input high voltage*3 
Output low voltage 


Output high voltage 


Symbol Min Typ Max Unit 
Cin — 4 8 pF 
Cout — 8 12 pF 
DC Characteristics (Ta = 0 to +70°C, Voc = 5V +10%, Vpp = Vcc) 
Symbol Min Typ Max Unit 
IL] — ~ 2 MA 
ILo = _ 2 MA 
Ipp} _ 1 20 MA 
ISB = — if mA 
Isp2 - 1 20 MA 
Icc\ - _ 30 mA 
Icc2 — —~ 30 mA 
ICc3 _ 5 15 mA 
VIL ~0.3*1 — 0.8 V 
VIH a2 _ Vocti.0*2 V 
VOL _ _ 0.45 Vv 
VOH1 2.4 — — Vv 
VoOH2 Vcc-0.7 — — V 


ST. 
M2. 


Notes: 


Vit min = -1.0V for pulse width S 50ns. 
Ving max = Voc + 1.5V for pulse width S 20ns. 


If Vz is over the specified maximum value, read operation cannot be guaranteed. 


aS: 


AC Characteristics (Ta = 0 to 70°C, Voc = -5V +10%, Vpp = Vcc) 


Test condition 


@ Input pulse levels: 0.45V to 2.4V 
Input rise and fall times: < 10ns 


e 
@ Output load: 1 TTL Gate + 100pF 
@ Reference lvels for measuring timing: 


Parameter 


Address to output delay 
CE to output delay 
OE to output delay 
OE high to output float 
Address to output hold 
Note: 


1160 


Inputs; 0O.8V and 2.0V 
Outputs; 0.8V and 2.0V 


Symbol - : ; 

Min Max Min Max Min Max 
tacc — 100 _ 120 ~ 150 
tCE = 100 _ 120 _ 150 
tOFk _ 60 = 60 _ 70 
tDF 0 35 0 40 0 50 
tOH 5 _ 5 - 5 - 
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HN27C256AG-10 HN27C256AG-12 HN27C256AG-15 


Test Conditions 
Vin = OV 
Vout =0V 


Test Conditions 
Vin =0V to Vcc 
Vout =0V toVcc 
Vpp=5.5V 
CE = VIH 
CE = Vcc + 0.3V 
CE = Vy, Iout=OmA 
f = 10 MHz, Jout =0 mA 
f= 1 MHz, Jout=OmA 


IoL = 2.1 mA 
IoH =-1.0 mA 
IoH = -100 uA 


Only defined for DC and long cycle function test. Vzz, max = 0.45V, Vyzy min = 2.4V for AC function test. 


Unit Test Conditions 


CE = OF = Vyz. 
OE = Vib 
CE = Vz. 
CE= V7 
CE = OF =V77 


ns 
ns 
ns 
ns 
ns 


tor is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
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Read Timing Waveform 


Address 


Standby Mode 


Data Out 


Programming Operation 


Fast High-Reliability Programming 

This device can be programmed by the Fast 
High-Reliability Programming Algorithm shown in 
following flowchart. This algorithm offers both faster 
programming time and high reliability data retention. 
The theoretical programming time (except blank 


HN27C256AG Series 


os 
fs 


Active Mode 


iat 


Standby Mode 


t or 


LLLL) 


RAN 
EE oat one vate DP 


checking and verifying time) is one-tenth of 
conventional high performance programming 
algorithms. Regarding the model and software 
version of the programmers available with this 
algorithm, please contact program manufacturer. 


___START_ 
SET PROG /VERIFY MODE 
Vpp=1252+0 5V Veo =6.0 +0.25V 








Address + 1—Address 


READ 
_All Address 


Program tpw=0.2ms+5% 


| Program topw=0.2n ms 


LAST 
Address? 


SET READ MODE 
Veco =5.0V £0.5V, Vpp=Vec 


GO 


YES 


Fast High-Rehability Programming Flowchart 
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HN27C256AG Series 


DC Characteristics (Ta = 25°C + 5°C, Voc = 6V + 0.25V, Vpp = 12.5V + 0.5V) 


Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current ILI _ ~ 2 pA Vin = OV to Vcc 
V pp supply current Ipp - — 30 mA CE =Vy7z, 
Operating Vcc current Icc _ _ 30 mA 
Input low level Vin. -0.1*5 ~ 0.8 V 
Input high level Vin 2) - Vcct0.5 *6 Vv 
Output low voltage during verity VOL — — 0.45 Vv Io, = 2.1 mA 
Output high voltage during verify VOH 2.4 _ _ Vv ITOH = -400 uA 


Notes: 1. Vcc must be applied before Vpp and removed after V pp, 

Vpp must not exceed 13V including overshoot. 

An influence may be had upon device relmbility if the device is installed or removed while Vpp = 12.5V. 
Do not alter Vpp either Vzz, to 12.5V or 12.5V or 12.5V to Vzz when CE = Low. 

Viz, min = -0.6V for pulse width S 20ns, 

If V7#7 is over the specified maximum value, programming operation cannot be guaranteed, 


i a ea ca 


AC Characteristics (Ta = 25°C + 5°C, Voc = 6V + 0.25V, Vpp = 12.5V + 0.5V) 


Test Conditions 

@ Input pulse levels: 0.45V to 2.4V 

@ Input rise and fall times: < 20ns 

@ Reference levels for measuring timing: Inputs; 0O.8V and 2.0V 
Outputs; 0.8V and 2.0V 


Parameter Symbol Min Typ Max Unit 
Address setup time tas Z — — Ms 
OE setup time tOES 2 - us 
Data setup time tps 2 _ — MS 
Dataholdtime |. «py 2. — = pS 
V pp setup time tVPS 2 — - Ms 
CE initial programming pulth width tpy 0.19 0.20 0.21 ms 
CE overprogramming pulse width topw'! 0.19 — 3:25 ms 
Data valid from OE tOE 0 - 150 ns 
OE to output float delay tor”? - ~ 130 ns 


Notes: 1. Refer to the Fast High-Reliability Programming Fowchart for topyp. 
2. tpF is defined as the time at which the output achieves the open circuit condition and data 
is no longer driven. 
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Fast High-Reliability Programming Timing Waveform 


Program 


Address 


tas 


Date In Stable 


=a 





High Performance Programming 

This device can be applied the high performance 
programming algorithm shown in following flow- 
chart. This algorithm is as same as our 256-kbit 
EPROM series so existing programmers can be used 


HN27C256AG Series 


Program Verify 


with this device. This algorithm allows to obtain 
faster programming time without any voltage stress 
to the device nor deterioration in reliability of 
programmed data. 


START 


SET PROG /VERIFY MODE 
Vee =125+0.5V Veo =60+0.25V 





Address=0 










Program tpw=1 Oms+5% 


Address + 1— Address 
Program topw=3n ms | 
LAST 
Address? 


SET READ MODE 
Veco =5.0V +0.5V, Vep=—Vec 


YES 










READ 
All Address 


GO 
C END.) 


High Performance Programming Flowchart | 
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HN27C256AG Series 


DC Characteristics (Ta = 25°C + 5°C, Voc = 6V + 0.25V, Vpp = 12.5V + 0.5V) 


Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current Int _ _ 2 uA Vin = 0V to Vcc 
Vpp supply current Ipp — _ 30 mA CE = Vyz 
Operating Vcc current Icc — _ 30 mA 
Input low level Vin -0.1*5 - 0.8 Vv 
Input high level Vin 22 - Voct0.5"6 Vv 
Output low voltage during verify Voy _ ~ 0.45 V Io =2.1mA 
Output high voltage during verify Voy 2.4 _ _ V Ton = —400 wA 


Notes: 1. Vcc must be applied before Vpp and removed after Vpp. 

Vpp must not exceed 13V including overshoot. 

An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 
Do not alter Vpp either Vyy to 12.5V or 12.5V to Vzz when CE = Low. 

Viz, min = -0.6V for pulse width S 20ns. 

If V7zy is over the specified maximum value, programming operation. cannot be guaranteed. 


ig ee ae 


AC Characteristics (Ta = 25°C + 5°C, Voc = 6V + 0.25V, Vpp= 12.5V + 0.5V) 


Test Conditions 

@ Input pulse levels: 0.45V to 2.4V 

@ Input rise and fall times: < 20ns 

@ Reference levels for measuring timing: Inputs; 0.8V and 2.0V 
Outputs; 0.8V and 2.0V 


Parameter Symbol Min Typ Max Unit 
Address setup time tas 2 — — MS 
OE setup time tOES 2 _ ys 
Data setup time tps 2 _ — MS 
Address hold time taH 0 _ _ MS 
Data hold time (DH 2 — — MS 
V pp setup time ty PS 2 — — MS 
Vcc setup time tvcs 2 — — US 
CE initial programming pulth width =—————s—itpwoC“‘éO‘S|lULO (COS ms 
CE overprogramming pulse width topw*1 2.85 —~ 78.75 ms 
Data valid from OE tOE 0 — 150 ns 
OE to output float delay tpF*2 _ — 130 ns 


Notes: 1. Refer to the high performance programming flowchart for topp. 
2. tpF is defined as the time at which the output achieves the open circuit condition and data 
is no longer driven. 
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HN27C256AG Series 


Program Verify 


Address 





Erase 


Erasure of HN27C256AG is performed by exposure 
to ultraviolet light of 2537 A and all the output 
data are changed to “1” after this erasure pro- 
cedure. The minimum integrated dose (i.e. UV in- 
tensity x exposure time) for erasure is 15 
Wesec/cm?. 


Mode Description 


Device Identifier Mode 

Programming condition of EPROM is various 
according to EPROM manufacturers and device 
types. It may cause miss operation. To counter- 
measure it, some EPROMs provide maker identifier 
code. Users can write EPROM by reading out write 
condition coded before shipped. Some commercial 
programmers can set write condition by recognizing 
this code. This function enables effective program. 
Regarding commercial programmers that can re- 
cognize this device’s identifier code, please contact 
programmer maker. 





HN27C256AG Series Identifier Code 


ss AO 1/O7 1/06 1/05 1/04 1/03 1/02 1/01 1/00 
Identifier (10) (19) (18) (17) (16) (15) (13) (12) (11) 


Manufacturer code VIL 0 0 0 0 0 1 1 1 07 
Device code VIH 0 0 1 1 0 0 0 1 31 


Notes: 1. A9=12.0V+05V. 
2. Al — A8, A10 — Al4, CE, OE = V7. 


Hex Data 


© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 « (415) 589-8300 1165 


HN27C256HG Series 


32768-Word x 8-Bit CMOS UV Erasable and Programmable ROM 


The Hitachi HN27C256HG is a 256-kbit ultraviolet erasable 
and electrically programmable ROM, featuring sub-100-ns access 
times. 

The HN27C256HG realizes access time of 7Ons and 85ns, 
employing the advanced fine process and high speed circuitry 
technique. 

The timing conditions such as access time or output hold time 
are designed as same as our byte-wide SRAMs’, allowing to use 
with SRAMs on the same memory board by the same read tim- 
ings. So its board design in 16-bit microprocessor systems is easy. 

Also, the HN27C256HG realizes faster programming time than 
our conventional 256-kbit EPROM by Hitachi’s Fast High- (DG-28) 
Reliability Programming Algorithm. 

Pin arrangement, pin configuration and programming voltage Pin Arrangement 
are compatible with our 256-kbit EPROM series, therefore exist- 
ing programmers can be used with the HN27C256HG. 





Features 
@ Highspeed ............... Access time 70/85ns (max.) 
@ Low power dissipation 

Active mode ............. 30 mW (typ.) (f = 1 MHz) 


@ High reliability and fast programming 

Programming voltage: +12.5V DC 

Fast High-Reliability Programming Algorithm available 
@ Device identifier mode 

Manufacturer code and device code 


Ordering Information 





(Top View) 
Type No. Access Time Package 
HN27C256HG-70 70 ns ; 
HN27C256HG-85 85 ns Sohal Spul ees Pin Description 
Pin Name Function 
AQ —Al14_ Address 
1/O0-IO7 Input/Output 
CE Chip enable 
OE Output enable 
Vcc Power supply 
V pp Programming power supply 
Vss Ground 
© HITACHI 
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Block Diagram 


Memory 


\ Decoder 


Address © 


2 
2 
cd 

fan) 
3 
a 

& 


Control 


512x512 


Matrix 


Al0,All 


pe 


Mode Selection 


High Threshold 
Inverter 


mene G0) 2) 4) a 
Read VIL VIL x Vcc 
Output disable VIL VIH x Vcc 
Standby VIH x x Vcc 
Program VIL VIH x Vpp 
Program verify VIH VIL x Vpp 
Optional verify VIL VIL x Vpp 
Program inhibit VIH VIH x V pp 
Identifier VIL VIL VH*2 Vcc 
Notes: 1. x = Don’t care 
2. Va =12.0V + 0.SV. 
Absolute Maximum Ratings 
Item Symbol Value 
All input and output voltages *! Vin, Vout -0.6*2to +7.0 
A9 input voltage*! VIp —0.6*2 to +13.5 
V pp voltage *! Vpp -0.6 to +13.5 
Vcc voltage*! Vcc -0.6 to +7.0 
Operating temperature range Topr 0 to +70 
Storage temperature range Tstg -65 to +125 
Storage temperature range under bias Tbias -10 to +80 
Notes: 1. Relative to Vgg. 
2. Vin, Vout, Vzp min = -1.0V for pulse width S 50ns, 

Capacitance (Ta = 25°C, f= 1 MHz) 

Parameter Symbol Min Typ Max 
Input capacitance Cin — 4 8 
Output capacitance Cout — 8 12 

© HITACHI 
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(HS 
Vcc 
Vcc 
Vcc 
VCC 
VCC 
Voc 
VCC 
VCC 


Unit 


sil <i< 


o 
QALaAIA 


° 


Unit 
pF 
pF 


HN27C256HG Series 


/O 
(11 — 13, 15 — 19) 


Dout 
High Z 
High Z 
Din 
Dout 
Dout 
High Z 
Code 


Test Conditions 
Vin =0V 
Vout =0V 
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HN27C256HG Series 


Read Operation 
DC Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vpp = Vcc) 





Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current Ipr _ — 2 pA Vin = OV to Vcc 
Output leakage current ILO _ — 2 MA Vout =0V to Vcc 
Vpp current Ipp, — 1 100 BA Vpp=5.5V 
Standby Vcc current ISB _ - 15 mA CE=Vy7q 
Icc\ - - 30 mA CE=Vyz,,lout=0mA 
Operating Vcc current Ico2 - _ 50 mA  f=15 MHz, Jout=OmA 
I¢C3 ~ 3 15 mA  f=1MHz,Jout=0OmA 
Input low voltage *3 Vin -0.3*1 _ 0.8 V 
Input high voltage *3 VIH 2.2 = Vocti.0*2 V 
Output low voltage VOL — _ 0.45 Vv Ioy =2.1 mA 
Output high voltage OWN eg _ 2. JOH ae 
VOH2 Vcc-0.7 - — Vv IQH =-100 wA 


Notes: 1. Vyz, min = -1.0V for pulse width S 5Ons. 
2. Vip max = Vcc + 1.5V for pulse width S 20ns. 
If V7# is over the specified maximum value, read operation cannot be guaranteed. 
3. Only defined for DC and long cycle function test. Vzy, max = 0.45V, Vz min = 2.4V for AC function test. 


AC Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vpp = Voc) 

Test conditions 

@ Input pulse levels: 0.45V to 2.4V 

® Input rise and fall times: < 10ns 

® Output load: 1 TTL Gate + 100 pF 

@ Reference levels for measuring timing: Input; 1.5V 
Outputs; 1.5V 


HN27C256 HG-70 HN27C256 HG-85 














Parameter Symbol ——--——__--______._— Unit Test Conditions 
Min Max Min Max 
Address to output delay tacc - 70 — 85 ns CE=OE=VIL 
CE to output delay tCE _ 70 — 85 ns OE=Vyy 
OE to output delay tOE os 40 — 45 ns CE=Vy7z 
OE high to output float tpF 0 30 0 30 ns CE=Vyy 
Address to output hold toH 5 _ 5 — ns CE=OE=Vyz 


Note: tpp is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 


Read Timing Waveform 


Address 


Standby Mode nctiie. Gade | Standby Mode 


LLL LY _ WS 


| 
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HN27C256HG Series 


Programming Operation 


This device can be programmed by the Fast checking and verifying time) is one-tenth of 
High-Reliability Programming Algorithm shown in conventional high performance programming 
following flowchart. This algorithm offers both faster algorithms. Regarding the model and software 
programming time and high reliability data retention. version of the programmers available with this 
The theoretical programming time (except blank algorithm, please contact program manufacturer. 


START 
SET PROG /VERIFY MODE 
Vep=12.5+ 0 5V Veco =60+0 25V 
Address =0 


Program tpw=0.2ms +5% 


Address + 1—Address 


Program topw=0.2n ms 


LAST 
Address? 


SET READ MODE 
Veco =5.0V £0.5V, Vep=Vec 


READ 
All Address 
GO 


Fast High-Reliability Programming Flowchart 





DC Characteristics (Ta = 25°C +5°C, Voc = 6V + 0.25V, Vpp = 12.5V + 0.5V) 





Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current ILI — — 2 MA Vin = 0V to Vcc 
V pp supply current Ipp _ ~ 30 mA CE=Vy7z 
Operating Vcc current Icc - ~ 30 mA 
Input low level Vit ~0.1*5 _ 0.8 V 
Input high level VIH 22 - Voct0.5"6 Vv 
Output low voltage during verify Voy ~ — 0.45 V IoL =2.1 mA 
Output high voltage during verify Voy 2.4 - — Vv ITOH = -400 wA 


Notes: 1. Cc must be applied before Vpp and removed after Vpp. 

Vpp must not exceed 13V including overshoot. 

An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 
Do not alter Vpp either Vz7, to 12.5V or 12.5V to Vzz when CE = Low. 

Viz, min = -0.6V for pulse width S 20ns. 

If V7y is over the specified maximum value, programming operation cannot be guaranteed. 


Se Ss 
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HN27C256HG Series 


AC Characteristics (Ta = 25°C + 5°C, Voc = 6V + 0.25V, Vpp = 12.5V + 0.5V) 


Test Conditions 
input pulse levels: 0.45V to 2.4V 
Input rise and fall times: < 20ns 
Reference levels for measuring timing: Inputs; 0.8V and 2.0V 
Outputs; 0.8V and 2.0V 


Parameter Symbol Min Typ Max Unit 
Address setup time tas 2 _ — MS 
OE setup time tOES 2 — — Ms 
Data setup time tps 2 — — MS 
Address hold time taH 0 — — US 
Data hold time tDH 2 — — MS 
V pp setup time tVPS 2 ~ _ MS 
Vcc setup time tVCS 2 — — US 
CE initial programming pulth width tpw 0.19 0.20 0.21 ms 
CE overprogramming pulse width topw*1 0.19 — 5.25 ms 
Data valid from OE tOE 0 _ 150 ns 
OE to output float delay tpF*2 _ — 130 ns 


Notes: 1. Refer to the Fast High-Reliability Programming Flowchart for topwy. 
2. tpF is defined as the time at which the output achieves the open circuit 
condition and data is no longer driven. 


Fast High-Reliability Programming Timing Waveform 


Program | 
V ' 


Program erify | 












Address 


yO 
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HN27C256HG Series 


High Performance Programming 


This device can be applied the high performance with this device. This algorithm allows to obtain 


programming algorithm shown in following flow- faster programming time without any voltage stress 
chart. This algorithm is as same as our 256-kbit to the device nor deterioration in reliability of 
EPROM series, so existing programmers can be used programmed data. 


SET PROG./VERIFY MODE 
Vee=12.540.5V Voc =6.0+0.25V 


Address=0 









Program tpw=1.0ms +5% 


Address -+ 1— Address 


LAST 
Address? 


SET READ MODE 
Vec =5.0V +0.5V, Vep =Vec 


YES 







READ 
All Address 
GO 
C= END) FAIL 


High Performance Programming Flowchart 


DC Characteristics (Ta = 25°C + 5°C, Voc = 6V + 0.25V, Vpp = 12.5V +0.5V) 


Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current Ipr — — 2 HA Vin = 0V to Vcc 
V pp supply current Ipp - = 30 mA CE=Vyyz 
Operating Vcc current Icc _ ~ 30 mA 
Input low level VIL -0.1°*5 — 0.8 V 
Input high level Vin 2.2 - Voct0.5*6 Vv 
Output low voltage during verify Voy a _ 0.45 V Io, = 2.1 mA 
Output high voltage during verify Voy 2.4 _ _ Vv ToH = -400 pA 





Notes: 1. Vcc must be applied before Vpp and removed after V pp. 

Vpp must not exceed 13V including overshot. 

An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 
Do not alter Vpp either Vzy to 12.5V or 12.5V to Vyzz, when CE = Low, 

Viz, min = -0.6V for pulse width S 20ns. 

If Vz is over the specified maximum value, programming operation cannot be guaranteed. 


ad ea 
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HN27C256HG Series 


AC Characteristics (Ta = 25°C + 5°C, Voc = 6V + 0.25V, Vpp= 12.5V +0.5V) 


Test Conditions 
® Input pulse levels: 0.45V to 2.4V 
@ Input rise and fall times: < 20ns 


@ Reference levels for measuring timing: Inputs; 1.5V 
Outputs; 1.5V 
Parameter Symbol Min Typ Max Unit 
Address setup time tas 2 — _ MS 
OE setup time tOES 2 - - Us 
Data setup time tps 2 _ MS 
Address hold time taH 0 ~ — Ms 
Data hold time tDH 2 - — MS 
V pp setup time tVPS Z - ~ MS 
Vcc setup time tVCS 2 - — MS 
CE initial programming pulth width tpw 0.95 1.0 1.05 ms 
CE overprogramming pulse width topw*i 2.85 - 78.75 ms 
Data valid from OE tOE 0 — 150 ns 
OE to output float delay tp F*2 = = 130 ns 


Notes: 1. Refer to the high performance programming flowchart for topp. 
2. tp F is defined as the time at which the output achieves the open circuit 
condition and data is no longer driven. 


High Performance Programming Timing Waveform 


Program 
Program Verify 


| -————— —éeiazazOFEFTFTFTFFOEHe_™JjoaAMmo |]|H|NlTlllle_ OO 


a 
Vep +} 
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HN27C256HG Series 


Erase 


Erasure of HN27C256HG is performed by ex- 
posure to ultraviolet light of 2537 A and all the out- 
put data are changed to “1” after this erasure 
procedure. The minimum integrated dose (i.e. UV 
intensity x exposure time) for erasure is 15 
W-sec/cm?. 


Mode Description 


Device Identifier Mode 

Programming condition of EPROM is various 
according to EPROM manufacturers and device 
types. It may cause miss operation. The counter- 
measure it, some EPROMs provide maker identifier 
code. Users can write EPROM by reading out write 
condition coded before shipped. Some commercial 
programmers can set write condition by recognizing 
this code. This function enables effective program. 
Regarding commercial programmers that can 
recognize this device’s identifier code, please 
contact programmer maker. 


HN27C256HG Series Identifier Code 


re AO /Oo7 06 Vos 04 Yo3 Yo2 ¥Yo1 Yo0 
Identifier qo) a9 (8) 47 (6) (5) 3) G2 aD 


Manufacturer code VIL 0 0 0 0 0 1 1 1 07 
Device code VIH 0 0 1 1 0 0 0 1 31 


Notes: 1. A9=12.00Vt05V. 
2. Al — A8, Al0 — Al4, CE, OE = Vyz. 


Hex Data 
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HN27C256HG Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 


Vec=5V 
f =15MHz 


Supply Current I¢¢7 (Normatized) 
Supply Current [c¢7 (Normatized) 





Ambient Temperature Ta (°C) 


ACCESS TIME — SUPPLY VOLTAGE 





.} 
9) 
8 =) 

oO 
& 2.0 
e) = 
3 : 
S) G15 
1S) New . 
= ty 
Pa S 
5 ° 
o 1.0 
é : 
= on 
a o 
a 8 0.5 
a < 

0 
4 5 6 
Frequency f (MHz) Supply Voltage Vcc (V) 
ACCESS TIME — SUPPLY VOLTAGE ACCESS TIME — AMBIENT TEMPERATURE 


Access Time t4cc (Normatized) 
Access Time t4cc (Normatized) 





Supply Voltage Voc (V) Ambient Temperature Ta (°C) 
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———HN27C256HG Series 


OUTPUT VOLTAGE vs. OUTPUT CURRENT OUTPUT VOLTAGE vs. OUTPUT CURRENT 


Output Voltage Voz (Normatized) 
Output Voltage Voy (Normatized) 





Output Current [oy (mA) Output Current Joy (mA) 


STANDBY CURRENT vs. SUPPLY VOLTAGE STANDBY CURRENT vs. AMBIENT TEMPERATURE 


Standby Current Isp (Normatized) 
Standby Current Isp (Normatized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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HN27512G Series 


65536-word x 8-bit UV Erasable and Programmable ROM 


The HN27512G is a 65536-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 28-pin dual in-line 
package with transparent window. The transparent window allows 
the user to expose the chip to ultraviolet light to erase the bit 
pattern, whereby a new pattern can then be written into the device. 


= FEATURES 
@ Single Power Supply ........ +5V +5% 
@ High Performance............ Program Voltage: +12.5V D.C. 
Programming High Performance Programming 
Operations 
@: Static 4.35 «soa arb ch ees No Clocks Required 


@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 


@ Access Time ............. 250/300ns (max.) 
@ Absolute Max. Ratingof ..... 14.0V (max.) 
Vpp pin 
® Low Stand-by Current....... 40mA (max.) 
@ Device Identifier Mode ...... Manufacturer Code and Device 
Code 


@ ORDERING INFORMATION 


300ns 












Package 








HN27512G-25 
HN27512G-30 





600 mil 28 pin Cerdip 





= BLOCK DIAGRAM 










3 (Top View) 
3 
8 1,024x512 
o ’ 
AULAts A Memory Matrix 
~< 
1/00 © 
1/07 © 
CEO-D 
OE/Vpp O-c 
VcecO— 
OE/V 
he : ope fo : High Tereshold 
Vss Inverter 
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HN27512G Series 


OE/V pp A9 1/O 
(22) (24) (28) (11 ~ 13, 15 ~ 19) 
x 


= MODE SELECTION 


CE 
Mode (20) 


N|N S 
2) 
iia 


Read VIL VIL iP ee Vcc Dout 
Output Disable Vin Vi High Z 
Standby cc High 2 
High Performance Program VIL Vpp Vcc Din 
Program Verify VIL VIL Vcc Dout 
Program Inhibi High Z 
Identifier Vin Vin, Vcc Code 
Notes) *1. X... Don’t care 
*2. Vy: 12.0V + O.5SV. 
# ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range °C 
Storage Temperature Range °C 
Storage Temperature Range Under Bias °C 
All Input and Output Voltages 4 Vin: Vout V 
Voltage on Pin 24 (A9)*! VID -0.6 to +13.5 V 
V pp Voltage"! Vpp —0.6 to +14.0 V 


Note) *1. with respect to Vgg. 


® READ OPERATION 
@ DC AND OPERATING CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V +5%) 


Output Leakage Current Ito | Vour=5.25V/045V [| - [| - | 10 | uA 
Vec Curent Standby) | lecx| CE=Vm ———+4|~ | - | 0 | ma 


Notes) *1. -0.6V for pulse width S 20ns 


*2. Voc + 1.5V for pulse width S 20ns. If Vz is over the specified maximum value, read operation cannot be 
guaranteed. 
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HN27512G Series 


@ AC CHARACTERISTICS (7, =0 to +70°C, Voc = 5V +5%) 


Parameter Symbol Test Condition eee ENGISTZS 0 Unit 
oO est Co 
[ max_| 


Addres to Output Delay CE = OE = Vi, 250 300 ns 
CE to Output Delay tor OE = Viz 250 300 ns 


OE High Output Float CE = Viz 


Address to Output Hold ton CE = OE = Viz, 


0s [ 
a 


Note: tp r is defined as the time at which the Output achieves the open circuit condition and Data is no longer driven. 


[mins | min. | 
a == 
ae =a 
OE to Output Delay tor CE = Vin a | = | 120 | ns 
ead ae 
im al al 


@ SWITCHING CHARACTERISTICS 
Test Condition 


input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: < 20ns 

Output Load: 1 TTL Gate +100pF 
Reference Level for Measuring Timing: 0.8V and 2.0V 


Address 


Stand by Mode 


OE/ Vpp 


ta Out MIM, ata Out Valid Nu 
Data 0 ANN Data 0 Wi 





@ CAPACITANCE (7, = 25°C, f= 1MHz) 


Parameter Test Condition | min. | typ. | max. | Unit 
Input Capacitance| &xcept OE/Vpp Cm | Vin=OV | - | 4 | 6 | 
OF/Vpp Pin | Cina | Vn=0V | = | 12 | 20 | 
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HN27512G Series 





# HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm show in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 


START 


SET PROG./VERIFY MODE 
V pp = 12.5 +0.3V, Voc = 6§.0+0.25V 


Address = 0 












NO 


n+l >n 


YES 


Address+1 — Address 


Program topy = 3n ms 





LAST 
Address? 


SET READ MODE 
Voc = 5.0V#0.25V 







READ 
All Address 


GO 


(END) FAIL 


High performance Programming Flowchart 
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HN27512G Series 


# HIGH PERFORMANCE PROGRAMMING OPERATION 


® DC PROGRAMMING CHARACTERISTICS (7, = 25°C £5°C, die 6V £0.25V, Vpp 


Parameter 
Input Leakage Current 
Output Low Voltage During Verify 
Output High Voltage During Verify 
Voc Current (Active) 
Input Low Level 
Input High Level 
V pp Supply Current 
Notes) *1. -—0.6V for pulse width S 20ns. 


pee 
N 
WN 
< 
i+ 
© 


[Fest Condivon | min. | 
CYwesasy = | = 
Tou =Bima | 
mamnuneinee 25 
a 
a 
c/a 


— 


Ww 
<(/<(E/S|S 


o 
- 
oi) 


ee CC2 


< 
3 
<|< 


3 
> 


3 
> 


*2. If Vez is over the specified maximum value, programming operation cannot be guaranteed. 


@ AC PROGRAMMING CHARACTERISTICS (7, = 25°C £5°C, Voc = 6V £0.25V, Vpp = 12.5V £0.3V) 


Parameter 


Address Setup Time 














Data Setup Time 

Address Hold Time 

Data Hold Time 

OE Hold Time 

CE to Output Float Delay 

V pp Setup Time 

Voc Setup Time 

CE Pulse Width During Initial Programming 
CE Pulse Width During Overprogramming 
V pp Recovery Time 

Data Valid from CE 


a ee tee 
re 
cae (RA (LS EE AA 
et a 
[ives | +t? |-|- |» 
ee a ie 
ee re ee 


Notes: *1l. tp is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topy. 
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HN27512G Series 


® SWITCHING CHARACTERISTICS 


Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Fall Time: S 20ns 

Reference Level for Measuring Timing: 0.8V and 2.0V 


Program Program Verify 


: 
a 
asa Cacontas 


Data 4 Data In Stable ) C i 
: 


~~ 


Ipv 
. ° =a a 
Vectl 
Voc 
° a 
CE 


=m ERASE 

Erasure of HN27512G is performed by exposure to ultraviolet light of 2537A and all the output data are 
changed to “1” after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure 
time) for erasure is 15 W ° sec/cm?. 


® DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 


® HN27512G SERIES IDENTIFIER CODE 


Identifier 
Manufacturer Code 





Device Code 





Notes: 1. A,=12.0+05V. 
2. Ay — Ag, Ayo — Ayg, CE, OE/Vpp = Vy. 
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HN27512G Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 








i E 
: 5 
d B 
‘Supply Voltage Veco (V) Ambient Temperature Ta (°C) 
ADDRESS ACCESS TIME vs. ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 
é é 
< 2 
§ i 
< < 
Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
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HN27C1024HG Series 


65536-Word x 16-Bit CMOS UV Erasable and Programmable ROM 


The Hitachi NH27C1024HG is a 1-Mbit (64-kword x 16-bit) 
ultraviolet erasable and electrically programmable ROM. Fabricated 
on new advanced fine process technique, the HN27C1024HG makes 
high speed access time 85/100 ns (max) possible. (HN27C1024HG 
is a fastest 1-Mbit EPROM.) Therefore, it is suitable for 16-bit 
microcomputer systems using high speed microcomputer such as 
the 8086 and 68000. The HN27C1024HG offers high speed 
programming using page programming mode. 


Features 
¢ Fast high-reliability programming mode and Fast high-reliability 
page programming mode 
Programming voltage: +12.5V DC 
Fast High-reliability page programming 14 sec (typ) 
¢ High speed inputs and outputs TTL compatible during both read 
and program modes 
¢ Low power dissipation 
60 mW/MHz (typ) 
¢ Device identifier mode 
Manufacturer code and device code 
« JEDEC standard 


Ordering Information 


Type No. Access Time Package 
HN27C1024HG-85 85 ns 600-mil 
HN27C1024HG-10 100 ns 40-pin cerdip (DG-40A) 

© HITACHI 








(Top View) 


Pin Description 


Pin Name 
A0O—A15 
Y/O0-1/015 
CE 
OE 
Vcc 


Vpp 


Vss 
PGM 
NC 


Function 
Address 
Input/Output 
Chip enable 
Output enable 
Power supply 
Programming 

power supply 
Ground 
Programming enable 
No connection 
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HN27C1024HG Series 


Block Diagram 


NA 


1,024 X 1,024 
Memory Matrix 


X-Decoder 


Y-Gating 


EEE 4 


f>°O : High Threshold Inverter 


Input Da 
ontrol 


4 7 
Sonat 


ke 
* 
se 





Mode Selection 
CE OE PGM Vpp Vcc A9 YO 
mode (2) (20) (39) (1) (40) (31) (3-10, 12-19) 
Read Vi Vi Vin Vcc Vcc x Dout 
Output disable Vi Vin Vin Vcc Vcc x High-Z 
Standby Vin x x Vcc Vcc x High-Z 
Program Vi. Vi Vi Vpp Vcc x Din 
Program verify Vi ViL Vi Vpp Vcc x Dout 
Page data latch Vi ViL Vin Vpp Vcc x Din 
Page program Vin Vin Vi Vpp Vcc x High-Z 
VIL Vi. Vi 
Program inhibit a oa = Vep Vcc x High-Z 
Vin Vin Vin 
Identifier Vi Vi. Vin Vcc Vcc VH Code 


Notes: X= Don’t care, VH= 12.0 V+0.5 V 
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HN27C1024HG Series 


Absolute Maximum Ratings 


Item Symbol Value Unit 
All input and output voltages”! Vin, Vout —0.6"? to +7.0 V 
AQ input voltage”! Vp —0.6"? to +13.5 V 
Ver voltage”! Vee —0.6 to +13.0 V 
Vcc voltage”! Vcc ~0.6 to +7.0 V 
Operating temperature range Topr 0 to +70 aS 
Storage temperature range Tstg —65 to +125 °C 
Storage temperature range under bias Tbias —10 to +80 °C 


Notes: *1. Relative to Vss 
*2. Vin, Vout, Vip min = —-1.0 V for pulse width + 50 ns 


Capacitance (Ta = 25°C, f = 1 MHz ) 


Item Symbol Min Typ Max Unit Test Conditions 
Input capacitance Cin — — 12 pF Vin=0V 
Output capacitance Cout — — 15 pF Vout=0 V 


Read Operation 


DC Characteristics ( Ta = 0 to +70°C, Vcc = 5 V+ 5%, VPP = Vcc) 





Item Symbol Min Typ Max Unit Test Conditions 
Input leakage current In — — Z pA Vin =5.25 V 
Output leakage current ILo — — Z pA Vout = 5.25 V/0.45 V 
Vpp current Ippi — 1 20 LA Vpp = 5.5 V 
Standby Vcc current Isp — — 25 mA CE = Vin 
Ice — — 50 mA CE = Vu, Iout = 0 mA 
Operating Vcc current Icc2 — — 110 mA f= 12 MHz, Iout=0 mA 
Icc3 = ae 25 mA f= 1 MHz, Iout=OmA 
Input low voltage”? Vi 0.37) — 0.8 V 
Input high voltage”? Vin 22 — Vcc+1.0 *2 Vv 
Output low voltage VoL — — 0.45 V Io. = 2.1 mA 
Output high voltage VoH 2.4 — — V lou = 400 yA 
Notes: *1. Vit min =-1.0 V for pulse width < 50 ns. 
*2. ViH max = Vcc + 1.5 V for pulse width < 20 ns. 
If Vin is over the specified maximum value, read operation cannot be guaranteed. 
*3. Only defined for DC and long cycle function test. 
AC Characteristics ( Ta = 0 to 70°C, Vcc=5 V+£5 %, VPP = VCC ) 
Test Conditions 
¢ Input pulse levels: 0.45 Vto2.4V ¢ Output load: 1TTL Gate + 100 pF 
¢ Input rise and falltimes: <10ns ¢ Reference levels for measuring timing: 
Inputs; 1.5V 


Outputs; 1.5V 
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HN27C1024HG Series 


HN27C1024HG-85 HN27C1024HG-10 


Item Symbol —Mn Max Ma “Max Unit Test Conditions 

Address to output delay tacc — 85 —— 100 ns CE = OE = Vi 
~ CEto output delay (CE = 85 — 100 ns = Vi 
OE to output delay tok — 45 — 50 ns CE = Vi 
OE high to output float toF 0 30 0 50 ns CE = Vi. 

Address to output hold toH 0 — 0 — ns CE = OF = Vi 


Note: DF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 


Read Timing Waveform 


Address 


Standby Mode Active Mode Standby Mode 


toe 


tacc 


Data Out <— AK Data Out Valid eee 





Fast High-Reliability Programming 

This device can be applied the programming algorithm device nor deterioration in reliability of 
shown in following flowchart. This algorithm allows to obtain programmed data. 
faster programming time without any voltage stress to the 


START 


SET PROG./VERIFY MODE 
Vep=12.5£0.3V Voc =6.00.25V 


Address=0 


Program tpw=0.2ms+5% 
Address + 1— Address 


Program topw=0 2n ms 


LAST 
Address? 


SET READ MODE 
Voc =5.0V £0.25V, Vep=Vec 


READ 
All Address 
GO 


END FAIL 


Fast High-Reliability Programming Flowchart 
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HN27C1024HG Series 


DC Characteristics ( Ta = 25°C + 5°C, Vcc = 6 V+ 0.25 V, VpP= 12.5 V+0.3 V) 


Item 
Input leakage current 
Output low voltage during verify 
Output high voltage during verify 
Operating Vcc current 
Input low level 
Input high level 
Vpp supply current 


Notes: *1. 
*2. 


Symbol 


Iu 
VoL 
Vou 
Icc 
ViL 
Vin 
Ipp 


Min 
2.4 
—0,1"5 
2.2 


— 


Vcc must be applied before Vpp and removed after Vpp. 
Vpp must not exceed 13 V including overshoot. 


Typ 


Max Unit 

2 LA 
0.45 V 
—— V 

50 mA 
0.8 V 


Vcc + 0.5"§ V 


40 mA 


IoL = 2.1 mA 
Tou = —400 pA 
CE = PGM = Vu. 


Test Conditions 
Vin = 6.25 V/0.45 V 


*3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5 V. 


*4, 


*5. Vir min = -0.6 V for pulse width < 20 ns. 


*6, 


Do not alter Vpp either ViL to 12.5 V or 12.5 V to Vit when CE = Low. 


If ViH is over the specified maximum value, programming operation cannot be guaranteed. 


AC Characteristics (Ta = 25°C + 5°C, Vcc = 6 V+0.25 V, VpP= 12.5 V+ 0.3 V) 


Test Conditions 





¢ Input pulse levels: 0.45 Vto2.4V ¢ Reference levels for measuring timing: 
¢ Input rise and fall times: < 20 ns 0.8V,2.0V 
Item Symbol Min Typ Max Unit 
Address setup time tas 2 — — Us 
OE setup time tOES 2 — — Ls 
Data setup time tos 2 — — Us 
Address hold time taH 0 — — ps 
Data hold time (DH 2 — — us 
OE to output float delay tor”! 0 — 130 ns 
Vpp setup time tvPs 2 — — Us 
Vcc setup time tvcs 2 — — Ls 
PGM initial programming pulse width tpw 0.19 0.2 0.21 ms 
PGM overprogramming pulse width topw"? 0.19 —— 5:25 ms 
CE setup time {CEs 2 — — Us 
Data valid from OE ton 0 a 150 ns 


Notes: *1. tr is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topw. 
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HN27C1024HG Series 


Fast High-Reliability Programming Timing Waveform 





Program Program Verify 


ie Sen ae ae 
Po r= 
Data ( Data In Stable > 4 Data Out Valid P 


Vpp 
Vpp 
Vc (4 ters 


vee Voc os 
° a ae 





Fast High-Reliability Page Programming 

This device can be applied the high performance page any voltage stress to the device nor deterio- 
programming algorithm shown in following flowchart. This ration in reliability of programmed data. 
algorithm allows to obtain faster programming time without 


SET PAGE PROGRAM LATCH MODE 
Vep=12.5+0 3V Voc =60+0 25V 


~ 


SET PAGE PROG./VERIFY MODE 
Vep=1254+0.3V Veo =60+0 25V 


Address + 1—<Address 


Program topw=0 2n ms 


SET READ MODE 
Voc=5 OV+0.25V, Ver =Vec 


READ 
All Address 


Fast High-Reliability Page Programming Flowchart 
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HN27C1024HG Series 


DC Characteristics ( Ta = 25°C + 5°C, Vcc = 6 V+ 0.25 V, VpP= 12.5 V+0.3 V ) 


Item Symbol Min Typ Max Unit Test Conditions 
Input leakage current Iu — — 2 HA Vin = 6.25 V/0.45 V 
Output low voltage during verify VoL — — 0.45 V lol = 2.1 mA 
Output high voltage during verify Vou 2.4 — — Vv Tou = -400 pA 
Operating Vcc current Icc — — 50 mA 
Input low level Vi 01° — 0.8 Vv 
Input high level Vin 22 — Vcc+0.5°° V 
Vp supply current Ipp — — 50 mA PGM = Vi 


Notes: *1. Vcc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13 V including overshoot. 
*3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5 V. 
*4. Do not alter Vpp either ViL to 12.5 V or 12.5 V to Vit when CE = Low. 
*5. ViL min = -0.6 V for pulse width < 20 ns. 
*6. If ViH is over the specified maximum value, programming operation cannot be guaranteed. 


AC Characteristics (Ta = 25°C + 5°C, Vcc =6 V 0.25 V, VpP= 12.5 V+0.3 V) 
Test Conditions 





¢ Input pulse levels: 0.45 Vto2.4V ¢- Reference levels for measuring timing: 
* Input rise and fall times: < 20 ns 0.8V,2.0V 
Item Symbol Min Typ Max Unit 

Address setup time LAS 2 — — Us 
OE setup time toEs 2 — —_ US 
Data setup time tos 2 — — Us 

. taH 0 — — Us 

Address hold time a 5) = = us 
Data hold time (DH 2 — — Us 
OE to output float delay tor”! 0 ~ 130 ns 
Vpp setup time tvPs 2 — — ys 
Vcc setup time tvcs 2 — — ps 
PGM initial programming pulse width tpw 0.19 0.2 0.21 ms 
PGM overprogramming pulse width topw"? 0.19 — S20 ms 
CE setup time tCES 2 — — Us 
Data valid from OE ton 0 = 150 ns 
OE pulse width during data latch tLw 1 — — ps 
PGM setup time (PGMS 2 — — ps 
CE hold time tCEH 2 — — Us 
hold time tOEH 2 — — ps 





Notes: *1. tDF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topw. 
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HN27C1024HG Series 


Fast High-Reliability Page Programming Timing Waveform 








Al to A15 





Erase 

Erasure of HN27C1024HG is performed by exposure to 
ultraviolet light of 2537 A and all the output data are 
changed to “1” after this erasure procedure. The minimum 


Mode Description 


Device Identifier Mode 


The device identifier mode allows the reading out of 
binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this mode, the device will be 


HN27C1024HG Identifier Code 


Page Data Latch Page Program Program Verify 





integrated dose (i.e. UV intensity x exposure 
time) for erasure is 15 W.sec/cm?. 


automatically matched its own corresponding 
programming algorithm, using programming 
equipment. 


AO YO8tol/015 YO? O06 OS O04 oO3 YO2 YO. Yoo Hex 
(14) (15) (16) (17) (18) (19) Data 


0 0 ] 1 1 07 


ee (21) (10)t0(3) = (12) (13) 
Manufacturer code VIL x 0 0 
Device code Vin x 1 0 


1 1 0 1 0 BA 


Notes: x = Don’t care, A9 = 12.0 V +0.5 V, A1-A8, A10-A15, CE, OE = Vit, PGM = Vin 
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Supply Current Icc (Normalized) 


HN27C1024HG Series 


Supply Current vs. Ambient Temperature 


Ta=25T 
Vin=Vec/Vss 
= 12MHz 


Voc =5.0V 
Vin=Vec/Vss 


Supply Current Icc2 (Normalized) 
Supply Current Icc2 (Normalized) 








4 5 6 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
Supply Current vs. Frequency Access Time vs. Supply Voltage 
10 
Vin=Vec/Vss 


Access Time tacc, tce (Normalized) 





0.1 0.2 05 10 2 5 10 = 20 4.0 4.5 5.0 5.5 6.0 
Frequency f (MHz) Supply Voltage Vcc (V) 


Access Time vs. Ambient Temperature 


Access Time tacc, tcg (Normalized) 





Ambient Temperature Ta (°C) 
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HN27C1i01G Series —_— 


131072-word X 8-bit CMOS U.V. Erasable and Programmable ROM 


# FEATURES 
@ Single Power Supply .........-----+ +08. +5V +5% 
@ Fast High-Reliability Program Mode and Fast High- 
Reliability Page Program Mode ...... Program Voltage: 
+12.5V DC 
Sie ee ae aie aes Fast High-Reliability Programming Available 
©. Siti. oe oe we eee ee wees No Clocks Required 


@ Inputs and Outputs TTL Compatible during Both Read and 
Program Modes 
@ Access Time .......... 170/200/250ns (max.) 
@ Low power Dissipation .. 50mW/MHz typ. (Active Mode) 
5uW typ. (Standby Mode) 
@ Pin Arrangement ........... 32-Pin JEDEC Standard 





@ ORDERING INFORMATION Vpp 


Type No. | Access Time | Package Al6 


-HN27C101G-17 
















600-mil 32-pin Cerdip ple 


= BLOCK DIAGRAM 








1024 x 1024 
MEMORY 
MATRIX 





(Top View) 


= MODE SELECTION 














Pins CE OE “PGM Voc 1/O 

_Mode (22) (24) (31) (1) (32) (13 ~15, 17~ 21) 
Read Vin Vin Vcc Dout 
Output Disable Vin Vin Voc Voc High Z 
Standby Vinw : xX - Voc High Z 
Program 7 7 Din 
Program Verify Vin Vin Voc Dout 
Page Data Latch Vin Va V pp Voc Din 
Page Program Ving Ving Vpp Voc High Z 

Vin Vin f 
Program Inhibit Vie | Van V pp Voc High Z 

Vin Vin 
es as VIH Vin _ a 
Note) 1. X: Don’t care 
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HN27C101G Series 


® ABSOLUTE MAXIMUM RATINGS 
Item Value Unit 
All Input and Output Voltage”! Vins Vout ~0.6*2 to +7.0 V 
—0 6 to +13.0 V 
-0.6 to +7.0 V 


V pp Voltage"! 


V pp 

Veco Voltage*! 
Operating Temperature Range 0 to +70 at 
Storage Temperature Range —65 to +125 =C 
Storage Temperature Range Under Bias —10 to +80 oC 


Notes) *1. With respect to Vgg 
*2_ -1.0V for pulse width S 50ns. 


= READ OPERATION 
@ DC CHARACTERISTICS (7, = 0 to +70°C, Voc=5V 45%, Vpp=Vcc) 








Input High Voltage 


I9oL=2.1mA 


Ton= —400uA 


NO 
N 


Output Low Voltage 


Output Leakage Current Vout=5-25V/0.45V al ea ee BA 

I CE=V mA 

Voc Current MHz, Io4¢=0mA mA 
Input Low Voltage Vin -0.3"1 —- 0.8 
cctl 


V 
Ving . V 
VoL 0.45 V 
Output High Voltage Vou 2.4 Vv 
Notes) *1. —1.0V for pulse width S 50ns. 
*2. Voc + 1.5V for pulse width S 20ns. If V7z7 is over the specified maximum value, read operation cannot be 
guaranteed. 


@ AC CHARACTERISTICS (Ta = 0 to +70°C, Voc = 5V + 5%, Vpp = Voc) 


HN27C101G-17| HN27C101G-20/HN27C101G- 
Parameter Symbol Test Conditions 


Address to Output Delay tacc CE = OE = Vzz, Rul 


OE to Output Delay tok CE = Viz 10 
OE High to Output Float tpF CE = Viz 


Address to Output Hold toH CE = OE = Vz, fe 


Note) tpr is defined as the time at which the Output achieves the open circuit condition and Data is no longer driven, 


dO 
1o,) 


nit 


= 
a 


ns 


ns 


ns 


ns 


pm | me 
mAlialraia 
Col1ololio 
—_ 

=) 

Seas) 
malaloloe 
ry 

oO 
minin |g 
Ol nalniana 
S|1O/o |x 


@ SWITCHING CHARACTERISTICS 





e Test Condition input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fal! Time: S 20ns 
Output Load: 1 TTL Gate + 100pF 


Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 
Outputs; 0.8V and 2.0V 
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HN27C101G Series 


Address 


Standby Mode Standby Mode 


Data Out 





® CAPACITANCE (7, =25°C, f=1MHz) 


Parameter 







Input Capacitance 






Output Capacitance 


w FAST HIGH-RELIABILITY PROGRAMMING 
This device can be applied the Fast High-Reliability 
Programming algorithm shown in _ following 
flowchart. This algorithm allows to obtain faster 
programming time without any voltage stress to the 
device nor deterioration in reliability of pro- 
grammed data. 





SET PROG./VERIFY MODE 
Vep=12 SV£0 3V Vec=6.0V 0 25V 





Address + 1—Address 






Program torw=0.2n ms 









SET READ MODE 
Vec=5 OVL0 25V, Ver = Vee 





READ 
All Address 





Fast High-Reliability Programming Flowchart 
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HN27C101G Series 


® DC PROGRAMMING CHARACTERISTICS (7, =25°C +5°C, Voc=6V £0.25V, Vpp=12.5V +0.3V) 


Input Leakage Current Ip Vine 6.25V/045V] - | - | 2 | MA 
Output Low Voltage during Verify VoL Top=21mA | - | - | 045 | Vv 
Output High Voltage during Verify VOoH Tou=-400vA | 24 | - | - | V 


Notes) *1. Voc must be applied before Vpp and removed after V pp. 
*2. Vpp must not exceed 13V including overshoot. 
*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
*4. Do not alter Vpp either Vz; to 12.5V or 12.5V to Vz; when CE = Low. 
*5. —0.6V for pulse width S 20ns. 
*6. If Vy is over the specified maximum value, programming operation cannot be guaranteed. 


@ AC PROGRAMMING CHARACTERISTICS 
(T,=25°C +5°C, Voc=6V +0.25V, Vpp=12.5V +0.3V) 


Parameter Symbol Test Conditions | min. | typ. max. Unit 





Address Setup Time tAS ae Ss eee ee MS 
OE to Output Float Delay tor! aS He ae eae 130 ns 
PGM Pulse Width during Initial Programming ee ee eae ms 
PGM Pulse Width during Overprogramming | topw2 | iT i | 525 ms 
Data Valid from OE tOr ee ee ns 


Notes: *1. tp Fis defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topy. 
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HN27C101G Series 


® SWITCHING CHARACTERISTICS 


Data Out Valid =} 


Input Pulse Levels: 0.45V to 2.4V 
input Rise and Fall Time: S 20ns 
Reference Levels for Measurement Inputs; 0.8V and 2.0V 
Timing: Outputs; 0.8V and 2.0V 
Program Program Verify 
Address 2 ae 
Data Data In eae 
Vpp 
Vcc iVPS 
Vec+]1 = 
Vec v tvcs 
° am a a 
PGM 
one a tpw oe 
OE 
© HITACHI 
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HN27C101G Series 
@ FAST HIGH-RELIABILITY PAGE PROGRAMMING 


This device can be applied the Fast High-Reliability Programming algorithm shown in following flowchart. 


This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 


SET PAGE PROGRAM LATCH MODE 
Ver =12.5V+0.3V. Vic =6.0V40.25V 


Address = 0 















Latch 
Address + 1—Address 






SET PAGE PROG.,/VERIFY MODE NO 


Ver =12.5V £0.3V. Vcc =6.0V+0.25V 


Program tpw=0.2ms £5% 


ES 





Address + 1—Address 






LAST 
Address? 


SET READ MODE 
Vec=5.0V+0.25V, Ver =Vec 


READ 
All Addres 
GO 
CEND FAIL 


Fast High-Reliability Page Programming Flowchart 


@ DC PROGRAMMING CHARACTERISTICS (7,=25°C #5°C, Vcc=6V +0.25V, Vpp=12.5V +0.3V) 





Output Low Voltage during Verify | Vor |lor=2lmA | - | - | 045 | V 
Output High Voltage during Verify Von Ton=-400¢A | 24 | - | - | Vv 
Input High Level Virz ee ee V 
V pp Supply Current Ipp CE*OE#V}44, PGM=V 7, ae ee eS mA 


Notes) *1. Voc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13V including overshoot. 
*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
*4. Do not alter Vpp either Vz, to 12.5V or 12.5V to Vz, when CE=Low. 
*5. —0.6V for pulse width S 20ns 
*6. If Vypzz is over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C101G Series 


© AC PROGRAMMING CHARACTERISTICS 
(T,=25°C #5°C, Voc =6V £0.25V, Vpp=12.5V +0.3V) 


Parameter Symbol Test Conditions typ. max. Unit 


Address Setup Time tas 


ee ae: 
Data Setup Time tps Pes a i 2 Po = [ = | MS 
OE to Output Float Delay tor | ee ea eee ns 
PGM Pulse Width during Initial Programming tpw FF 19 | 0.2 | 0.20 | ms 
PGM Pulse Width during Over programming | topw2 | —s—iéi(L=CiGD |= SOS ms 
OE Pulse Width during Data Latch tlw 1 fs Poe MS 


Notes: *1. tpyris defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topyp. 


® SWITCHING CHARACTERISTICS 
e Test Condition Input Pulse Levels: 0.45V to 2.4V 


Input Rise and Fall Time: S 20ns 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 
Outputs; 0.8V and 2.0V 
Page Data Latch Page Program Program Verify 


Reais (ae 
a oie, (nee eR Eee (CIR iy | SON Ne 


t4 taal 


S 
pa aia am q 
ho AK XX ‘i 22 ae ae 
aoe i cn 
Data {BK XX e)—Or-O- 


4 
apie 


Data Out Valid 


: 1: oo 
Vic t+] 
tos TT | (Il | 
CE 
1 NE oo cers mone 

PGM _ 


f . 
OE ‘ ; ; : 
S 


th 





m ERASE 


Erasure of HN27C101G is performed by exposure to ultraviolet light of 2537 A and all the output data 
are changed to “1” after this erasure procedure. The minimum integrated dose (i.e. UV intensity x 
exposure time) for erasure is 15W*sec/cm? 
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HN27C101G Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 


Supply Current Icce (Normalizd ) 
Supply Current Jcc2 (Normalized ' 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. FREQUENCY ACCESS TIME vs. SUPPLY VOLTAGE 


Supply Current I¢c2 (Normalizd ) 
Access Time tacc, tce (Normalized ) 





Frequency f (MHz) Supply Voltage Vcc (V) 


ACCESS TIME vs. AMBIENT TEMPERATURE 





Access Time tacc, tce (Normalized) 





Ambeint Temperature Ta (°C) 
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HN27C301G Series — 


131072-word X 8-bit CMOS U.V. Erasable and Programmable ROM 


= FEATURES 
@ Single Power Supply .................4. +5V +5% 
@ Fast High-Reliability Program Mode and Fast High- 
Reliability Page Program Mode 
haa aed Ape ahaa neice a tall ams ast Program Voltage: +12.5V DC 
pepe oe eee Fast High-Reliability Programming Available 
© Satie G3 ee Se REE eee No Clocks Required 
@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 
@ Access Time .......... 170/200/250ns (max.) 
@ Low power Dissipation .. 50mW/MHz typ. (Active Mode) 
5uW typ. (Standby Mode) 
@ Pin Compatible with 1Mbit MASK ROM (28pin type) 


w ORDERING INFORMATION 

Type No. Package 
HN27C301G-17 i170ns 
HN27C301G-20 
HN27C301G-25 







600 mil 32 pin Cerdip 


= BLOCK DIAGRAM 











1024 x 1024 
MEMORY 
MATRIX 


mest 4} Y GATING 
; : 4 ly DECODER 
a: 













> 
> 


(Top View) 


Be HIGH THRESHOLD 
INVERTER 





= MODE SELECTION 


CE OE PGM Vpp Voc 1/O 
Mode (22) (2) (31) (1) (32) (13 ~15,17~21) 


pa 
ti 











Read Vin Vin Ving Veco Voc Dout 
Output Disable Vin Ving Vcc Vec High Z 
Standby x Voc Voc HighZ 
Program Vee | Yee | Bm 
Program Verify Vir Vin Vpp Voc Dout 
Page Data Latch Ving Vin V pp Voc Din 
Page Program Vep. Voc High Z 
Program Inhibit Vpp Voc High Z 

Vin Vin 

Vin Ving 
Note) *1. XX: Don’t care 
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I IaH 70301 G Series 


=# ABSOLUTE MAXIMUM RATINGS 





° 


C 
C 


—65 to +125 
—10 to +80 


Storage Temperature Range stg 


° 


All Input and Output Voltages”! V 

Vcc Voltage"! Voc —0.6 to +7.0 V 

Operating Temperature Range opr °C 
| = 8St0 4125 
p10 to +80 


Storage Temperature Range Under Bias T bias 


Notes) *1. With respect to Vgs. 
*2. ~1.0V for pulse width S 50ns. 
® READ OPERATION 
@ DC CHARACTERISTICS (7, = 0 to +70°C, Vec=5V +5%, Vpp=Vcc) 







Parameter Symbol Test Conditions typ. max. Unit 


A 


— 
a 
Le 


Input Leakage Current 


- 
“4 





Icc3 f=1MHz, /oy4,=OMA 


Output Leakage Current Ito Vout=5-25V/0.45V Fo - | - | 2 | MA 
V pp Current I pp] V pp=5.5V Ld 0 wA 
Isp CE=Vin Ce! mm 
Vcc Current —— 
ae CE=Voc #0.3V Ed 0 uA 
Icc1 CE=Vy,,loyt=0MA po 0 mA 
Vcc Current Icc2 f=SMHz, [oy,=0MA po | 


Output Low Voltage Io,=2.1mA 
Output High Voltage Von Ton= —400uA 


Notes) *1. ~1.0V for pulse width S 50ns, 
*2. Voc + 1.5V for pulse width < 20ns. If V rH is over the specified maximum value, read operation cannot be 
guaranteed. 


@ AC CHARACTERISTICS (7, =0 to +70°C, Vec=5V +5%, Vpp=Vcc) 


HN27C301G-17 | HN27C301G-20 


Input Low Voltage 
Input High Voltage 


VIL 
VIH 
VOL 


Nw 
Ww 
N 
>] y Mm] © 
GET a 
+ 
uN 
3/3 
<“l<ip <i < >| > 


N 
> 


HN27C301G-25 


Parameter nit 
| min. | max. | | min. | max. | min. | max. | 
Address to Output Delay CE = OE = V7, P= 1 | et 200 |e ns 


Note) tp fr is defined as the time at which the Output achieves the open circuit condition and Data is no longer driven. 


@ SWITCHING CHARACTERISTICS 





e Test Condition |nput Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: S 20ns 
Output Load: 1 TTL Gate + 100pF 


Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 
Outputs; 0.8V and 2.0V 
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HN27C301G Series 





Address 


Standby Mode 


Data Out 





@ CAPACITANCE (7, =25°C, f=1MHz) 


[Symbol [Test Gondions [min | op | max 
2 
nC 


= FAST HIGH-RELIABILITY PROGRAMMING 
This device can be applied the Fast High-Reliability Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora- 
tion in reliability of programmed data. 











Parameter 












Input Capacitance 
Output Capacitance 











SET PROG./VERIFY MODE 
Vep=12 SVL0.3V Vec=6.0V20.25V 


Address + 1--Address 
Program tors =0.2n ms 


SET READ MODE 
Vec =5.0V£0.25V, Ver = Veo 


Fast High-Reliability Programming Flowchart 
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HN27C301G Series 


® DC PROGRAMMING CHARACTERISTICS (7, =25°C £5°C, Vee oY +0.25V, Vpp=12.5V +0.3V) 


Parameter ee 


[ex Condvons [win [op 
ine 25vioasv] - | - 
ox=2ina|— | 
[Ton=—400uk [24 [| 
eae Be 

2 

eo 

a 


Input Leakage Current 


Output Low Voltage during Verify 


o 
> 
— 


Output High Voltage during Verify 
Vcc Current (Active) 


Input Low Level 


ne Er 
ee 
V pp Supply Current CE = PGM= Vin | | 


Notes) *1. Vcc must be applied before V pp and a after Vpp. 
*2. Vpp must not exceed 13V including overshoot. 


Input High Level 


SN 
8 
4 

vy, 

an 


Unit 
pA 
Vv 


3 


si <|< 


*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 


*4. Do not alter Vpp either Vy, to 12.5V or 12.5V to Vz; when CE = Low. 
*5. —0.6V for pulse width S 20ns 
*6. If Vyz7 is over the specified maximum value, programming operation cannot be guaranteed. 


@ AC PROGRAMMING CHARACTERISTICS 
(T,=25°C #5°C, Voc=6V +0.25V, Vpp=12.5V £0.3V) 


‘ress Hold Time ‘AH Sepeeseeent ies Tey MS 
OE to Output Float Delay tor Pie ee ee 130 ns 
PGM Pulse Width during Initial Programming ae ee Se ee Ee ms 
PGM Pulse Width during Overpragramming ee ae Cs ae oe ms 
Data Valid from OE jon ee ee ee ee 
Notes) *l. tpp is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 


*2. Refer to the programming flowchart for topp. 
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HN27C301G Series 


@ SWITCHING CHARACTERISTICS 


Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: S 20ns 
Reference Levels for Measurement Inputs; 0.8V and 2.0V 
Timing: Outputs; 0.8V and 2.0V 
Program Program een ee 
Address a 
Data (reson Data In Stable Data Out yaa w= 
at | be 
Vpp 
Vpp 
Vcc ives 
Vec+1 a) 
Vcc Vee Wcs 
CE . 
PGM 
7 iP iru ue 
OE 
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HN27C301G Series 


m FAST HIGH-RELIABILITY PAGE PROGRAMMING 


This device can be applied the Fast High-Reliability Page Programming algorithm shown in following 
flowchart. 

This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 


START 









SET PAGE PROGRAM LATCH MODE 
Viv =12.5V40.3V. Vee =6.0V +0. 25V 


Address = 0 


Latch 
Address +- 1—*Address 


Address + 1—Address 


Latch 


Address + 1— Address 






NO 


<S>— 


SET PAGE PROG. VERIFY MODE 
Ver =12.5V +0.3V. Vc =6.0V+0.25V 








Program tpw=0.2ms +5% 





Address + 1—Address 


GO 


Program topw=90.2n ms 


LAST 
Address? 


SET READ MODE 
Ver =5.0V+0.25V. Ver = Veo 


READ NOGO 
All Addres 
GO 
END FAIL 


Fast High-Reliability Page Programming Flowchart 
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HN27C301G Series 


@ DC PROGRAMMING CHARACTERISTICS — +5°C, Voc=6V 40.25V, Vppe12.5V +0.3V) 


Input Leakage Current Sf CE MA 
Output Low Voltage during Verify | Vor |lor=2.1mA poe 1 OS. V 
Output High Voltage during Verify | Yon [tow ~t0bea | 24 1 _-_|_—_ Vv 
Input High Level Sa en! er ee = V 
V pp Supply Current Ipp CE=OE=V 14;, PGM=V 1 Po - | - | 50 | mA 


Notes) 


- Voc must be applied before Vpp and removed after V pp. 


V pp must not exceed 13V including overshoot 
An influence may be had upon device reliability if the device is installed or removed while Vpp=12 SV. 


. Do not alter Vpp either V;,; to 12.5V or 12.5V to Vz; when CE=Low. 
. -0.6V for pulse width S 20ns. 


*6. If Vzy is over the specified maximum value, programming operation cannot be guaranteed. 


@ AC PROGRAMMING CHARACTERISTICS (High Performance Page Programming) 
(Tq=25°C £5°C, Voc=6V £0.25V, Vpp=12.5V +0.3V) 


Parameter 
Address Setup Time 
OE Setup Time 
Data Setup Time 
Adress Hold Time 


Data Hold Time 

OE to Output Float Delay 
V pp Setup Time 

Vcc Setup Time 


PGM Pulse Width during Initial Programming 
PGM Pulse Width during Overprogramming 


CE Setup Time 

Data Valid from OE 

OE Pulse Width during Data Latch 
PGM Setup Time 

CE Hold Time 

OE Hold Time 


Symbol Test Conditions Unit 


7 
< 


.~ 
a” 


> 
§ 
” 


m [a H 


: 
“ 


‘OES 


[esi Condions | min | vv 
ee ee 
ee es ce 
es 2 A 
ee ae ee ; 
Ties [| |? |-i|- | 
Fiver [fe 
Cios [Ss : 
Tow | J? | -t-[- 
ae ee Me 
Ttoew [| + 2 | - | - |» 


Notes) *l. tp F is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topy. 
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HN27C301G Series 


@ SWITCHING CHARACTERISTICS 
e Test Condition Input Pulse Levels: 0.45V to 2.4V 


Input Rise and Fall Time: < 20ns 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 
Outputs; 0.8V and 2.0V 


Page Data Latch Page Program Program Verify 


ee ee 
AU Me 
tis have 
q 


An, As crate X_X_ YX) 
ths 
Data as 7 on es 





Ver Data Out 
Vey 
Ps 
Vic +] 
me Vi ¢ toRH 
thos i at 
CE a 
deg 





ms —— 
OE 
u 


tii 


m ERASE 


Erasure of HN27C301G is performed by exposure to ultraviolet light of 2537 A and all the output 
data are changed to ‘’1” after this erasure procedure. The minimum integrated dose (i.e. UV intensity 
X exposure time) for erasure is 15W ° sec/cm?. 
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HN27C301G Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 





Vin= Vec/Vss Vin= Vee! Vss 
=5MHz 
- ¥ 
.N N 
[ [ 
é Zz 
O O 
z 2 
a a 
Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
SUPPLY CURRENT vs. ACCESS TIME vs. SUPPLY VOLTAGE 


FREQUENCY 


Supply Current Icc2 (Normalzd) 
Access Time tacc, tce (Normalized ) 





Frequency f (MHz) Supply Voltage Vcc (V) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 


Access Time tacc, ice (Normalized) 





Ambeint Temperature Ta (°C) 
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HN27C256FP Series 


32768-word x 8-bit CMOS One Time Electrically Programmable ROM 


The HN27C256FP is a 32768-word by 8-bit one time electrically pro- 
grammable ROM. Initially, all bits of the HN27C256FP are in the ‘1’ 
State (Output High). Data is introduced by selectively programming 
“0” into the desired bit locations. This device is packaged in a 28 pin 
plastic flat package (SOP). Therefore, this device cannot be re-written. 





®# FEATURES 

@ Low Power Dissipation ........ 40mW/MHz max. (Active Mode) 
110uW max (Standby Mode) 

@ AccessTime ............... 250ns max. (HN27C256FP-25T) a 
300ns max. (HN27C256FP-30T) » pin ARRANGEMENT 

@ Single Power Supply .......... 5V + 5% 

@® High Performance Programming .. Program Voltage: +12.5V DC 

© State: gs nin xk, hk cete > faa No Clocks Required 

@ Inputs and Outputs TTL Compatible During Both Read and Program 


Modes 

Absolute Max. Rating of Vpp pin. . .14.0V 

Device Identifier Mode.......... Manufacturer Code and 
Device Code 


® BLOCK DIAGRAM 












jad 
in 512 X 512 
A4-AQ s) ATRIX 
Al2-Al4 a MEMOREN 
Qa 
~< (Top View) 
1/00 O 
1/07 O 
CE 
0k OD A0-A3, A10, All 
Vec 
ae ae RE B>e iH THRESHOLD 
Oo INVERTER 
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HN27C256FP Series 


= MODE SELECTION 


Mode (20) (22) (24) (1) (28) | (1 — 13,15 - 19) 
Output Disable Vin Vinn High Z 
“Standby 71 igh Z 
High Peformance Program Di 
Program Verify VIH VIL Dout 
Optional Verity Dour 
Program Inhibit Vin Vin High Z 
Identifier Vin Vin Vin Vcc Code 
Notes) *1. X: Don’t care. 
*2. Viz: 12.0 + O.5V. 
# ABSOLUTE MAXIMUM RATINGS 
Item Symbol Unit 
Operating Temperature Range °C 
Storage Temperature Range Tstg °C 








Storage Temperature Range Under Bias 


All Input and Output Voltage*! 
Voltage on Pin 24 (A9)*1 
Vpp Voltage"! 
VCC Voltage"! 
Notes) *1. With respect to Vgg. 


~10 to +80 °C 
VID -0.6°2 to +13.5 
PP 


V, —0.6 to +14 


Vcc -0.6 to +7 


T bias 


% 
8 


*2. —1.0V for pulse width S 50ns, 


= READ OPERATION 


® DC AND OPERATING CHARACTERISTICS (7; = 0 ~ +70°C, Vcc = 5V + 5%, Vpp = Voc) 


Parameter 
Input Leakage Current 
Output Leakage Current 
Vpp Current 


Vcc Current (Standby) 


Vcc Current (Active) 


Input Voltage 


Output Voltage 


Vout = 5.25V/0.45V 
7 a 
CE Vin fou =0mA | 


f= 1 MHz, lout = 0 mA 


eae a ae 

=< 

eee 
a 

== 

ae ee 


Symbol 
ILI 
ILO 
pp] 
TSB} 
IsB2 
ICC) 
ICc2 
[C03 

VIL 
VIH 
VOL 


ma 


Wi] Ww 
O;|o 


tN 
N] & 


N 
=) 


IoL = 2.1 mA ~ 
TOH = -400 uA 2.4 
IOH = -100 vA Vcc-90.7 


VOHI1 
VOH2 


Notes) *1. -1.0V for pulse width S 50ns. 
*2. Voc + 1.5V for pulse width S 20ns. If V7z7 is over the specified maximum value, read operation cannot be 


guaranteed. 
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Unit 


<|/<| <|</< 


HN27C256FP Series 


@ AC CHARACTERISTICS (7, = 0 to +70°C, Voc = SV + 5%, Vpp = Voc) 


: aces HN27C256FP-25T | HN27C256FP-30T 
arameter ymbo est Condition Min Unit 
Address to Output Delay tacc CE = OF = Vy, p= | 250 | ns 


CE 2 
CE to Output Delay tCE OE = Viz. ns 
OE tq Output Delay tOE CE =Vy7yz 1 


| Min_| 
=e 
Leal 
cio [020 | 
OE High to Output Float tDF Se 
ete. 





105 ns 


Address to Output Hold tOH CE = OF = Vy, Loe fl L ns 


Note: tp F is defined as the time at which the Output achieves the open circuit condition and Data is no longer driven. 


® SWITCHING CHARACTERISTICS 


TEST CONDITION 
Input pulse levels: 0.45V to 2.4V 
Input rise and fall time: <20ns 
Output load: 1 TTL Gate +100pF 


Reference level for measuring timing: 0.8V and 2.0V 


Address 


Stand by Mode Active Mode Stand by Mode 


Data Out 





® CAPACITANCE (72=25°C, f=1MHz) 










Parameter 






Input Capacitance 


Output Capacitance 
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HN27C256FP Series ——_________________—————_- 


®# HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 
reliability of programmed data. 


Vpp=1254£08 Vcc =604025N 


n+l—-n 


Address + | Address <ai> 


GO 


rogram top“. =3n ms 


P 
NO Last 
Address ? 






YES 


SET READ MODE 
Vec=50F02°5NV Vep= ber 


READ NO GO 
All \ddress 


GO 


High Performance Programming Flowchart 


= HIGH PERFORMANCE PROGRAMMING OPERATION 
@ DC PROGRAMMING CHARACTERISTICS (72=25°C#5°C, Vec=6V+0.25V, Vpp=12.5V+0.3V) 


Parameter Symbol Test Condition max. Unit 
Input Leakage Current Thr 
Output Low Voltage During Verify VoL Io, = 2.1 mA 
Output High Voltage During Verify Vou 2 
Vcc Current (Active) Iec2 A 


Input High Level 


Notes) *1. Vcc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 14V including overshoot. 
*3, An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 
*4,. Do not alter Vpp either Vyy to 12.5V or 12 SV to V7z when CE = Low. 
*5. —0.6V for pulse width S 20ns. 
*6. If Vyzz is over the specified maximum value, programming operation cannot be guaranteed. 


Nl = 


4 
*5 
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HN27C256FP Series 


@ AC PROGRAMMING CHARACTERISTICS (72=25°C+5°C, ao 25V, fats 5V+0.3V) 


Parameter Symbol - | typ. | omax. | Unit 
Address Hold Time tAH Foo f - | = | MS 
OE to Output Float Delay tor! ee ns 
CE Pulse Width During Initial Programming po Ni ms 
CE Pulse Width During Overprogramming | topw?| sia iS TLL ms 
Data Valid from OE top | | iso | 


Notes: *1. tpF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topy. 


Program Program Verify 


@ SWITCHING CHARACTERISTICS 


es et ee 
TEST CONDITION wm 
Input pulse level: 0.45V to 2.4V 7 ciel’ 
input rise and fall time: <20ns 
Reference level for “ {Data in Sable] Fate Gut vats [) 
measuring timing: 0.8V and 2V joy | Pe 
\pp 
i SAC 
Victl 
SE 
Wes 


end 
OE 
@ HN27C256FP IDENTIFIER MODES 


Manufacturer Code pee OO te 
Device Code So Oe es 


Notes: 1. A, =12.0V + 0.5V. 

2. A, — Ag, Ago — Ag» CE, OF = Viz. 
@® RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking 
without bias) shown in the right. 












Program and 
Verify 
by Programmer 















Baking at 
125to 150°C 
for 24 to 48 hrs 


Ensuring 
Read-out 






Recommended 
Screening conditions 
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HM27C256FP Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 


Vec=5V 
Vin=Vec/Vss 
f =5MHz 






1.6 


Ta=25C 
Vin =Voc/Vss 


1.4 






Supply Current Icce (Normalized) 
Supply Current Jcce (Normalized) 





Supply Voltage Vcc (V) 


Ambient Temperature Ta (°C) 


ADDRESS ACCESS TIME vs. SUPPLY VOLTAGE ADDRESS ACCESS TIME vs. AMBIENT TEMPERATURE 


Address Access Time tacc (Normalized) 
Address Access Time tacc (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


STANDBY CURRENT vs. SUPPLY VOLTAGE STANDBY CURRENT vs. AMBIENT TEMPERATURE 


CE=Vec 
Dark Condition 


Standby Current Js (Normalized) 
Standby Current Jse (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


See Supply Voltage vs. Active Frequency, Access Time vs, Lord Capacitance, and Output Current vs. Output 
Voltage (1), (2) of HN27C256G. 


* 
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HN27512P Series 


65536-word x 8-bit One Time Electrically Programmable Read Only Memory 


The HN27512P is a 65536-word by 8-bit one time electrically pro- 
grammable ROM. Initially, all bits of the HN27512P are in the ‘’1’’ 
state (Output High). Data is introduced by selectively programming 
“O’’ into the desired bit locations. This device is packaged in a 28 
pin, plastic dual in-line package. Therefore, this device can not be 





re-written. 
® FEATURES 
@ Single Power Supply ........ +5V +5% 
@ High Performance............ Program Voltage: +12.5V D.C. 
Programming High Performance Programming 
Operations 
O Statie: okie kh ee x No Clocks Required 
@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 
@ Access Time ............. 250/300ns (max.) 
@ Absolute Max. Ratingof ..... 14.0V (max.) 
Vpp pin 
@ Low Stand-by Current....... 40mA (max.) 
@ Device Identifier Mode ...... Manufacturer Code and Device 
Code. 
Ordering Information 
Part No. Access Package 
T1N27512P-25 250ns 600 mil 
HN27512P-30 300ns 28-pin Plastic DIP 


Block Diagram 


A5-AQ9 


1,024x512 
All1-A15 


Memory Matrix 


o 
3 
8 
6 
pad 


A0-A4, A10 


fpo . High Tereshold 
Inverter 
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(DP-28) 


Pin Arrangement 





(Top View) 


Pin Description 


Pin Name 
AO — Al5 
1/00 — I/O7 
CE 
OE 
Vcc 
Vpp 


Vss 


Function 
Address 
Input/Output 
Chip Enable 
Output Enable 
Power Supply 


Programming Power 


Supply 


Ground 
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HN27512P Series 


= MODE SELECTION 


CE OE/Vpp A9 C 1/0 
Mode (20) (22) (24) (28) (11 ~ 13, 15 ~ 19) 


e 


Read VIL VIL Vcc Dout 
Output Disable VIL VIH Vcc High Z 
High Performance Program Vin Vpp Vcc Din 
Program Verity Dout 
Program Inhibit Vin Vpp Vcc High Z 
Identifier VIL VIL Vyy*2 Vcc Code 


Notes) *1. X...Don’t care 
*2. Vy: 12.0V + 0.5V. 


= ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range °C 
Storage Temperature Range T stg -55 to +125 EC 
Storage Temperature Range Under Bias °C 
All Input and Output Voltages’! Vv 
Voltage on Pin 24 (A9)*! VID Vv 


Note) *1. With respect to Veg 


ws READ OPERATION 
® DC AND OPERATING CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V £5%) 


Output High Voltage Vou Ton = —400uA 


Notes) *1. -0.6V for pulse width S 20ns 


*2. Voc + 1.5V for pulse width S 20ns. If Vjzz is over the specified maximum value, read operation cannot be 
guaranteed. 


Output Leakage Current Ito | Vour=5.25045V =| - | - [| 10 | uA 
Feo Curent Standby) | Ton_| C=¥m ————~+dt ~‘|- | 40 [ma 
[ton=-4000a +t af- | - |v 


@ HITACHI 
1216 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


HN27512P Series 


@ AC CHARACTERISTICS (T, =0 to +70°C, Vcc = 5V 45%) 


. ee Fle ented HN27512P-25 HN27512P-30 ae 
t t t ni 
arameter ymoo est Condition 


| min. | min. | 
Addres to Output Delay | tace | CE=OE=¥y, =| - a 300 ns 
ee faa 


Address to Output Hold ton CE = OF = Viz Coed ns 


Note: fpr is defined as the time at which the Output achieves the open circuit condition and Data is no longer driven. 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: < 20ns 

Output Load: 1 TTL Gate +100pF 
Reference Level for Measuring Timing: 0.8V and 2.0V 


Address 






Stand by Mode Active Mode Stand by Mode 


OE/ Vep 









Data Out 


Ms, WY 
EEE ovv on va Dh 


@ CAPACITANCE (7, = 25°C, f= 1MHz) 


| except OE/Vpp | Cina_—| Vin" OV | = | 4 | 6 | 
Input Capacitance — 
OEVopPin | Gna | Vin=0V__| - | 12 | 20 | oF 
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HN27512P Series 


# HIGH PERFORMANCE PROGRAMMING 


This device can be applied the High Performance Programming algorithm show in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 


START 


SET PROG./VERIFY MODE 
V pp = 12.5 +0.3V, Voc = 6.0+0.25V 
Address = 0 


NO 









Program tpyw = l1ms+5% YES 


Addresst+1 — Address VERIFY 


Program topy = 3n ms | 


NO LAST 
Address? 


SET READ MODE 
Voc = 5.0V+0.25V 







READ 
All Address 


GO 


END FAIL 


High performance Programming Flowchart 
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—_————____________________HN27512P Series 


8 HIGH PERFORMANCE PROGRAMMING OPERATION 
® DC PROGRAMMING CHARACTERISTICS (T, = 25°C #5°C, Yoo = 6V +0.25V, Vpp = 12.5V+0.3V) 


Parameter | Symbol | Test Condition | min. | typ. max. | Unit 
Output Low Voltage During Verify ee ae V 
Output High Voltage During Verify | Von | lon=-400wA | 24 | - [ - | Vv 
Input High Level a Voct05*2 V 


Notes) *1. -0.6V for pulse width S 20ns 
*2. If V77 is over the specified maximum value, programming operation cannot be guaranteed. 


@ AC PROGRAMMING CHARACTERISTICS (7, = 25°C £5°C, Voc = 6V + 0.25V, Vpp = 12.5V 


I+ 
2 
Ov 
< 
—_ 


CE to Output Float Delay toe ns 
CE Pulse Width During Initial Programming i ee area 0.95 1.05 ms 
CE Pulse Width During Overprogramming 8 RH 78.75 ms 


Notes: *1. tp F is de fined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topwp. 
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HN27512P Series 


@ SWITCHING CHARACTERISTICS 


Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Fall Time: S 20ns 

Reference Level for Measuring Timing: 0.8V and 2.0V 


Program Program Verify 


Data 


Vpp 

° : : a 
Vcc +] 
Vcc 

“ a 

CE 


@ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of OTPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 


@ HN27512P SERIES IDENTIFIER CODE 


oa A, O, oe | os | w/o4 | vo3 | 02 | t/o1 | Too 
ManufacturerCode | Viz_| 0 | 0 | 0 | 9 | 0 | 1 | 1 [1 
Device Code | ‘Vz | 1 | 0 | 0 | 1 | 0 [| 1 | 0 [0 


Notes: 1. AJ=12.00V+05V. 
2. A, — Ag, Ay. ~ Ays, CE, OE/Vpp = Vy. 












@ RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking Prograniand 
without bias) shown in the right. Verify 

by Programmer 


Baking at 
125 to 150 C 
for 24 to 48 hrs 


Ensuring 
Read-out 





Recommended 
Screening conditions 
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HN27512P Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 


Supply Current Icc ‘mA: 
Supply Current Icc (mA?) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
ADDRESS ACCESS TIME vs. ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Address Access Time tacc (ns) 
Address Access Time tacc (ns) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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HN27C101P/FP Series 


131072-word x 8-bit CMOS One Time Electrically Programmable ROM 


The HN27C101P Series are 131072-word x 8-bit one time HN27C101 Series 
electrically programmable ROM. Initially, all bits of the 
HN27C101P/FP series are in the ‘‘1’’ state (output high). 

Data is introduced by selectively programming “0” into the 
desired bit locations. This device is packaged in 32 pin plastic 
package, therefore, this device cannot be rewritten and erased. 


Features 
@ High speed 
Access time ............0000008 200/250 ns (max.) 
@ Low power dissipation 
Active mode 50 mW/MHz (typ.) 
Standby mode 5 pW (typ.) 
@ Single power supply .............0 2.00008 +5 V+5% 
@® Fast High-Reliability program mode and Fast High-Reliability 
page program mode 
Program voltage: +12.5V DC 
Fast High-Reliability programming available 
© Sta s & snes bist ka os ee eae No clocks required 
@ inputs and outputs TTL compatible during both read and 
program modes 


HN27Cl101FP Series 


Ordering Information 


Type No. Access time Package 
HN27C101P-20 200ns 600 mil 32 pin 
HN27C101P-25 250ns Plastic DIP 
HN27C101FP-20 200ns 32 pin 
HN27C101FP-25 250ns Plastic SOP 


Pin Description 
Pin name Function 
AO —A16 Address (Top View) 
1/O0 — 1/07 Input/Output 
CE Chip enable 
OE Output enable 





Vcc Power supply 

" Vpp _ Programming power supply 
Vss Ground 
PGM Programming enable 


NC No connection 
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HN27C101P/FP Series 
Block Diagram 
1024 x 1024 


MEMORY 
MATRIX 


X DECODER 


tsa 


aq | Y bel 


take DECODER 


Ay ° Ang © Ai 


Be: HIGH THRESHOLD 
INVERTER 





@ Mode Selection 





CE OE PGM Vpp Vcc 1/0 
Mode (22) (24) (31) (1) (32) (13 =.15,17—2)) 
Read VIL ViL Vin Voc Vec Dout 
Output Disable VIL Vin Vin Vcc Vcc High Z 
Standby | 4m xX Xx Vee Vee HighZ 
Program VIL Vin VIL Vpp Vcc Din 
Program Verify § | Vy Vy Vy Vpp Vcc Dout 
Page Data Latch Vin VIL Vin Vpp Voc Din - 
Page Program Vin Vin VIL Vpp Vcc High Z 

VIL Vit VIL 
Program Inhibit nS Vpp Vcc High Z 

VIH VIL VIL 

Vin Vin ViH 
Note) 1. X: Don’t care. 
Absolute Maximum Ratings 

Item Symbol Value Unit 

All input and output voltages*! Vin, Vout —0.6*? to +7.0 V 
Vpp voltage*? Vpp -—0.6 to +13.0 V 
Vcc voltage*! Vcc -0.6 to +7.0 Vv 
Operating temperature range Topr 0 to +70 °C 
Storage temperature range T stg -55 to +125 °C 
Storage temperature range under bias T bias -10 to +80 is 6 


Notes) *1. With respect to Vgg 
*2. -1.0 V for pulse width © 50 ns 
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HN27C101P/FP Series 


Read Operation 
DC Characteristics (Ta = 0 to +70°C, Voc = 5V t 5%, Vpp = Voc) 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input Leakage Current Ir _ _ 2 BA Vin = 5.25V 
Output Leakage Current ILo — — 2 BA Vout = 5.25V/0.45V 
Vpp Current Ipp, — 1 20 HA = Vpp=5.5V 
Vcc Current ‘SBI : = = gs = Vin 
Isp - 1 20 pA CE=Vcc +0.3V 
Icc1 - - 30 mA CE=Vjyz, Ioyt = OmA 
Vcc Current Icc2 _ — 30 mA  f=5 MHz, Ioyt = OMA 
Icc3 = = 15 mA f= 1 MHz, Ipyt = OmA 
Input Low Voltage Vib -0.3"1 ~ 0.8 V 
Input High Voltage Vin 2.2 = Vecti*2 Vv 
Output Low Voltage VoL _ _ 0.45 Vv Io. = 2.1mA 
Output High Voltage Vou 2.4 — = Vv Ion = —400uA 


Notes) *1. -1.0V for pulse width S 50ns. 
*2. Voc + 1.5V for pulse width S20ns. If Vypy is over the specified maximum value, read operation cannot be 











guaranteed. 
AC Characteristics (Ta = 0 to +70°C, Voc = 5V + 5%, Vpp = Vcc) 
Item Symbol eee eae Unit Test conditions 

Address to output delay tacc — 200 _ 250 ns CE=OE= Vii 
CE to output delay tcr - 200 a 250 ne OF=Vy, 

OE to output delay tor 10 70 10 100 ns CE= VIL 

OE high to output float tor 0 50 0 60 ns CE=Vin 
Address to output hold tou 0 = 0 _ ns CE=OF=V1, 





Note) tp F is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 


Switching Characteristics 


Test Condition Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: < 20ns 
Output Load: 1 TTL Gate + 100pF 


Reference Levels for Measuring Timing: Inputs;0.8V and 2.0V 
Outputs; 0.8V and 2.0V 


Address 


Standby Mode 


Data Out 





Capacitance (Ta = 25°C, f = 1 MHz) 











Parameter Symbol Min Typ Max Unit Test Conditions 
Input Capacitance Cin _ _ 10 pF Vin = OV 
Output Capacitance Cout _ _ 15 pF Vout = OV 
© HITACHI 
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HN27C101P/FP Series 


Fast High-Reliability Programming 

This device can be applied the Fast High-Reliability Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora- 
tion in reliability of programmed data. 


Address + 1~Address 


Program tom=0.2n ms 


SET READ MODE 
Veco =5.0V£0.25V, Vex = Vee 


Fast High-Reliability Programming Flowchart 





DC Programming Characteristics (Ta = 25°C + 5°C, Voc = 6V + 0.25V, Vpp = 12.5 V + 0.3V) 


Parameter Symbol Min Typ Max Unit Test Conditions 
Input Leakage Current Iny — — 2 HA Vin = 6.25.V/0.45V 
Output Low Voltage during Verify VoL _ — 0.45 Vv Io, = 2.1mA 
Output High Voltage during Verify VoH 2.4 ~ — V Ion = —400uA 
Vcc Current (Active) Icc - _ 30 mA 
Input Low Level Vit -0.1*5 = 0.8 V 
Input High Level Vin 2.2 —- Vect0.5*6 V 
Vpp Supply Current Ipp _ _ 40 mA  CE=PGM= Vj, 





Notes) *1. Vcc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13V including overshoot. 
*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
*4. Do not alter Vpp either Vyy to 12.5V or 12.5V to Vy, when CE = Low. 
*5. -0.6V for pulse width S 20ns. 
*6. If Vyy is over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C101P/FP Series 


AC Programming Characteristics 
(Ta = 25°C+5°C, Voc = 6V £ 0.25V, Vpp = 12.5V +0.3V) 





Parameter Symbol Min Typ Max Unit Test Conditions 
Address Setup Time tas 2 _ - MS 
OE Setup Time toES 2 _ a us 
Data Setup Time tps 2 - - Ms 
Address Hold Time tAH 0 ~ -- us 
Data Hold Time tpH 2 o — Ms 
OE to Output Float Delay tpF*l 0 “ 130 ns 
Vpp Setup Time tvps 2 a ~ us 
Vcc Setup Time tvcs 2 — _ Ms 
PGM Pulse Width during Initial Programming tpw 0.19 0.2 0.21 ms 
PGM Pulse Width during Over Programming topw*2 _—0..19 - 5.25 ms 
CE Setup Time tcES 2 _ = Ms 
Data Valid from OE toE 0 — 150 ns 


Notes) *1. tpyris defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topp. 


Switching Characteristics 
Input Pulse Levels: 
Input Rise and Fall Time: S 20ns 


Reference Levels for Measurement inputs; 0.8V and 2.0V 
Timing: Outputs; 0.8V and 2.0V 


0.45V to 2.4V 


Program Verify 


Program 


| _taw | 


Data Out a mae 


Socal Data In Leeann 4 
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HN27C101P/FP Series 





Fast High-Reliability Page Programming 

This device can be applied the Fast High-Reliability Page Programming algorithm shown in following 
flowchart. 

This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 


SET PAGE PROGRAM LATCH MODE 
Vier =12.5V+40.3V. Vic =6.0V +0.25V 


Address =0 










Latch 


Address + 1—Address 


Address + 1— Address 


Latch 


Address + 1—Address 





SET PAGE PROG./VERIFY MODE NO 


Ver =12.5V+0.3V. Voc = 6.0V+0.25V 


Program tpw=0 2ms+5% 


ES 










Address + 1—Address 


LAST 
Address? 


SET READ MODE 
Vec=5.0V+0.25V, Ver = Ver 











READ 
All Addres 


GO 


Fast High-Reliability Page Programming Flowchart 
DC Programming Characteristics (Ta = 25°C + 5°C, Vec = 6V + 0.25V, Vpp = 12.5V + 0.3V) 





Parameter Symbol Min Typ Max Unit Test Conditions 
Input Leakage Current Int — - 2 MA Vin = 6.25V/0.45V 
Output Low Voltage during Verify VoL - — 0.45 Vv Io_ = 2.1mA 
Output High Voltage during Verify VOH 2.4 = ~ V Ion = —400HA 
Vac Current (Active) Icc — — 30 mA 
Input Low Level VIL -0.1°5 ~ 0.8 V 
Input High Level Vin 2.2. | — Vecr0.5*6 Vv 


V pp Supply Current Ipp _ = 50 mA  CE=OE= Vyq, PGM = Viz, 


Notes) *1. Voc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13V including overshoot 
*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
*4. Do not alter Vpp either Viz to 12.5V or 12.5V to Vy_ when CE=Low. 
*5. -0.6V for pulse width S 20ns 
*6. If Vip is over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C101P/FP Series 
AC Programming Characteristics 
(Ta = 25°C + 5°C, Voc = 6V t 0.25V, Vpp = 12.5V + 0.3V) 


Parameter Symbol Min Typ Max Unit Test Conditions 

Address Setup Time t AS 2 _ _ us 
OE Setup Time tons 2 = ss Ms 
Data Setup Time tps 2 — _ us 
Address Hold Time ‘AH : A = a 

taHL 2 ~ ~ us 
Data Hold Time tpH 2 _ = us 
OE to Output Float Delay tpr*! 0 - 130 ns 
Vpp Setup Time tvps 2 ~ _ Ms 
Vcc Setup Time tvcs 2 — — MS 
PGM Pulse Width during Initial Programming tpw 0.19 0.20 0.21 ms 
PGM Pulse Width during Over Programming topw*2 0.19 _ 5.25 ms 
CE Setup Time tcrs 2 oe = bs 
Data Valid from OE tor 0 _ 150 ns 
OE Pulse Width during Data Latch tLw 1 = _ us 
PGM Setup Time tpGMS 2 — — Ms 
CE Hold Time tcEH 2 _ . MS 
OF HoldTime  togH 2 = zs us 


Notes) *1. tpy is defined as the time at which the output achieves the open circuit condition and data is no longer driven, 
*2. Refer to the programming flowchart for topyp. 


Switching Characteristics 
Test Condition Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: S 20ns 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 


Outputs; 0.8V and 2.0V 
Page Data Latch Page Program Program Verify 


Rea) ee en CR en ery 

An~Aw SCs 
lis tua 

= I | << 


Av Ar K XX) KK YX 
SESH eee 


oe Data Out Valid 


, Vee ay 
: : | oe - 
tics = 
Ft 


Program and 
Verify 
by Programmer 





tL 









Recommended Screening Conditions 
Before mounting, please make the screening (baking 
without bias) shown in the right. 









Baking at, 
125 to 150°C 
for 24 to 48 hrs 


Ensuring 
Read-out 
Recommended 


[____ Mounting _|_ Screening conditions 
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HN27C301P/FP Series 


131072-word x 8-bit CMOS One Time Electrically Programmable ROM 


The HN27C301P Series are 131072-word x 8-bit one time 
electrically programmable ROM. Initially, all bits of the 
HN27C301P/FP Series are in the ‘‘1’’ state (output high). 

Data is introduced by selectively programming “0” into the 
desired bit location. This device is packaged in 32 pin plastic 
package, therefore, this device cannot be rewritten and erased. 


Features 
@ High speed 
Access time .............000008 200/250 ns (max.) 
@ Low power dissipation 
Active mode 50 mW/MHz (typ.) 
Standby mode 5 pW (typ.) 
@ Single power supply +5V + 5% 
@ Fast High-Reliability program mode and Fast High-Reliability 
page program mode 
Program voltage: +12.5V DC 
Fast High-Reliability programming available 
© Stalicisesh oo eee Oa eee No clocks required 
@ Inputs and output TTL compatible during both read and 
program modes. 


Ordering Information 


Type No. Access time Package 
HN27C301P-20 200ns 600 mil 32 pin 
HN27C301P-25 250ns Plastic DIP 
HN27C301FP-20 200ns 32 pin 
HN27C301FP-25 250ns Plastic SOP 


Pin Description 


Pin name Function 





AQ —A16_ Address 
1/00 — 1/07 Input/Output 
CE Chip enable 
OE Output enable 
Vcc Power supply 


Vpp Programming power supply 


Vss Ground 
PGM Programming enable 


NC No connection 
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HN27C301P Series 


(DP-32) 
HN27C301FP Series 


(FP-32D) 


Pin Arrangement 


(Top View) 


Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 ¢ (415) 589-8300 1229 





HN27C301P/FP Series 


Block Diagram 







A; © is 
, ra 1024 « 1024 
: S MEMORY 
2 fx) 
a MATRIX 
Ailv® Po ~s 















oye 
Sten eer Ss Aap 
Cae aerate 
CEo—4x 
OE 
PGM vw 
Vi ¢ Oo 
ames so Bo: HIGH THRESHOLD 
Vsso— INVERTER 
Mode Selection 
CE OE PGM Vpp Vcc 1/0 
Mode (22) (24) (31) (1) (32) (13 — 15,17 — 21) 
Read VIL VIL Vin Vcc Vcc Dout 
Output Disable Vit Vin Vin Vec Vcc High Z 
Standby Vin X Xx Vcc Vcc High Z 
Program VIL Vin VIL Vpp Vcc Din 
Program Verify VIL VIL Vin Vpp Vcc Dout 
Page Data Latch Vin VIL Vin Vpp Vcc Din 
Page Program Vin Vin VIL Vpp Vcc High Z 
VIL VIL VIL 
Program Inhibit | Vpp Vcc High Z 
ViH VIL VIL 
VIH VIH VIH 
Note) 1. X: Don’t care. 
Absolute Maximum Ratings 
Item Symbol ss Walues—*~=—“‘S™SCSC;éUSNSC*W 
All input and output voltages"! Vin, Vout —0.6*? to +7.0 Vv 
Vppvoltage*® Vpp  -06to+130 #35V 
Voc voltage*? Vcc -0.6 to +7.0 V 
Operating temperature range Topr 0 to +70 2 
Storage temperature range Tstg -55 to +125 "€ 
Storage temperature range under bias Tbias -10 to +80 aC 





Notes) *1. With respect to Vgg 
*2. ~—1.0 V for pulse width $ 50 ns 
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HN27C301P/FP Series 


Read Operation 
DC Characteristics (Ta = 0 to +70°C, Vcc = 5V + 5%, Vpp = Vcc) 


Parameter Symbol Min Typ Max Unit Test Conditions 
Input Leakage Current Ip] — - 2 HA Vin = 5.25V 
Output Leakage Current ILro ~ — 2 MA Vout = 5.25V/0.45V 
Vpp Current Ipp1 _ 1 20 vA Vpp = 5.5V 
Vcc Current ‘SBI . . a S _ IH 
Isp — 1 20 LA CE =Vcc +0.3V 
Iecy = = 30 mA CE=Vyz, Iout = OMA 
Vcc Current Icc2 = - 30 mA  f=5 MHz, Ipyt= OmA 
Icc3 im = 15 mA f= 1 MHz, Ipyt = OmA 
Input Low Voltage VIL ~0.3*1 ~ 0.8 V 
Input High Voltage Vin 2.2 _ Vectl*2 Vv 
Output Low Voltage VoL — — 0.45 Vv Iozy = 2.1mA 
Output High Voltage Vou 2.4 — - Vv Ion = —400uA 


Notes) *1. -1.0V for pulse width S 50ns. 


*2. Voc + 1.5V for pulse width S 20ns. If Vyyy is over the specified maximum value, read operation cannot be 
guaranteed. 


AC Characteristics ((Ta = 0 to +70°C, Vec =5Vt 5%, Vpp = Vcc) 
HN27C301P-20 HN27C301P-25 





Item Symbol Min oo Me Ma OM Unit Test conditions 
Address to output delay tacc — 200 ~ 250 ns CE=OEF= Vi, 
CE to output delay tcE = 200 af 250 Tie OF= Vit 
OE to output delay tOE 10 70 10 100 ns CE=Vi, 
OE high to output float tpF 0 50 0 60 ns CE= Vi 
‘Addresstooutputhold == tons—“‘<‘éUOt!w!!}!!UU!U!UC«OU™!”™UCUN.OUUCUlUs))) OCEROE=Vy 


Note) tpyris defined as the time at which the output achieves the open circuit condition and data is no longer driven. 


Switching Characteristics 


Test Condition Input Pulse Levels: 0.45V to 2.4V 
input Rise and Fall Time: < 20ns 
Output Load: 1 TTL Gate + 100pF 


Reference Levels for Measuring Timing: Inputs;0.8V and 2.0V 
Outputs; 0.8V and 2.0V 


Address 


Standby Mode Standby Mode 


Data Our 
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HN27C301P/FP Series 
Capacitance (Ta = 25°C, f = 1 MHz) 














Parameter Symbol Min Typ Max Unit Test Conditions 
Input Capacitance Cin — — 10 pF Vin = OV 
Output Capacitance Cout — — 15 pF Vout = OV 





Fast High-Reliability Programming 

This device can be applied the Fast High-Reliability Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora- 
tion in reliability of programmed data. 


(START) 


SET PROG./VERIFY MODE 
Vep=12.5V40.3V Vec=6.0V£0.25V 


Address = 0 
n+} 


NO 
£2 


Adtress + 1+Address En 


SET READ MODE 
Vec =5.0V £0 25V, Ver = Vee 


<tt> 
GO 


Fast High-Reliability Programming Flowchart 





DC Programming Characteristics (Ta = 25°C + 5°C, Voc = 6V + 0.25V, Vpp = 12.5V + 0.3V) 


Parameter Symbol Min Typ Max Unit Test Conditions 
Input Leakage Current IL - ~ 2 HA Vin = 6.25V/0.45V 
Output Low Voltage during Verify VOL — — 0.45 Vv Io, = 2.1mA 
Output High Voltage during Verify Vou 2.4 — = V Ion = 400A 
Vcc Current (Active) Icc — _ 30 mA 
Input Low Level VIL -0.1°5 _ 0.8 V 
Input High Level Vin 2.2 —- Vocr0.5°%6 Vv 
Vpp Supply Current Ipp _ _ 40 mA CE=PGM=Vj, 


Notes) *1. Vccmust be applied before Vpp and removed after Vpp. 
*2. Vppmust not exceed 13V including overshoot. 
*3, An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
*4. Do notalter Vpp either Vyy to 12.5V or 12.5V to Vyy, when CE = Low. 
*5. -0.6V for pulse width S 20ns. 
*6. If Vipzis over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C301P/FP Series 


AC Programming Characteristics 
(Ta = 25°C + 5°C, Voc = 6V t 0.25V, Vpp = 12.5V + 0.3V) 








Parameter Symbol Min Typ Max Unit Test Conditions 
Address Setup Time tas 2 _ _ Ms 
OE Setup Time toEs 2 — ~ us 
Data Setup Time tps 2 _ — us 
Address Hold Time tAH 0 = = bs 
Data Hold Time tpH 2 — _ Ls 
OE to Output Float Delay tpF*l 0 = 130 ns 
Vpp Setup Time tvps 2 _ _ us 
Vcc Setup Time tvcs 2 — — MS 
PGM Pulse Width during Initial Programming tpw 0.19 0.2 0.21 ms 
PGM Pulse Width during Over Programming topw*2 0.19 = 5.25 ms 
CE Setup Time tcES 2 s a us 
Data Valid from OE tor 0 _ 150 ns 


Notes) *1. tp y is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topy. 


Switching Characteristics 


Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: S 20ns 

Reference Levels for Measurement Inputs; 0.8V and 2.0V 
Timing: Outputs; 0.8V and 2.0V 


Program Program Verify 


NS ce tate ee eae al 


Data In [vee Data Out Valid vate 
per De 
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HN27C301P/FP Series 


Fast High-Reliability Page Programming 


This device can be applied the Fast High-Reliability Page Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 


deterioration in reliability of programmed data. 


SET PAGE PROGRAM LATCH MODE 
Ver =12.5V40.3V. Vic =6 OV +0.25V 





Address =0 


pn=0 | 
atch 


Latch 


Lat lon | 


SET PAGE PROG. VERIFY MODE 
Ver =12.5V+0.3V, Vic =6.0V+0.25V 












Address + 1-»Address <VeriFy> nage 


NO LAST 
Address? 


SET READ MODE 
Vec=5.0V+0.25V, Ver =Vec 


READ 
All Addres 


GO 
END 
Fast High-Reliability Page Programming Flowchart 


NO 


<-> ES 
Program tpw=0.2ms+5% 


DC Programming Characteristics (Ta = 25°C + 5°C, Voc = 6V £ 0.25V, Vpp = 12.5V + 0.3V) 


Parameter Symbol Min Typ Max Unit 
Input Leakage Current Ip ~ ~ 2 MA 
Output Low Voltage during Verify VOL _ — 0.45 Vv 
Output High Voltage during Verify Vou 2.4 _ _ Vv 
Vcc Current (Active) Icc _ _ 30 mA 
Input Low Level VIL ~0.1"5 = 0.8 Vv 
Input High Level Vin 22 _ Vect0.5*6 V 
Vpp Supply Current Ipp — - 50 mA 


Notes) *1. Vcc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13V including overshoot 


Test Conditions 
Vin = 6.25V/0.45V 
Io, = 2.1mA 
Ion = —400uA 


— 


CE = OE = Vyq, PGM = Vy, 


*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 


*4. Do not alter Vpp either Vyz_ to 12.5V or 12.5V to Vy, when CE=Low. 
*5. -0.6V for pulse width S 20ns 


*6. If Vip is over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C301P/FP Series 
AC Programming Characteristics 


(Ta = 25°C + 5°C, Voc = 6V + 0.25V, Vpp = 12.5V + 0.3V) 


Parameter Symbol Min Typ Max Unit Test Conditions 

Address Setup Time t AS 2 = — Ms 
OE Setup Time tors 2 — — Us 
Data Setup Time tps 2 - — us 
Address Hold Time ‘AH : - Z e 

taHL 2 - — Ms 
Data Hold Time tpH 2 — _ us 
OE to Output Float Delay tpr*l 0 = 130 ns 
Vpp Setup Time tvps 2 _ - us 
Vcc Setup Time tvcs 2 _ - us 
PGM Pulse Width during Initial Programming tpw 0.19 0.20 0.21 ms 
PGM Pulse Width during Over Programming topw*2 0.19 7 5.25 ms 
CE Setup Time tcES 2 ae = us 
Data Valid from OE tor 0 ~ 150 ns 
OE Pulse Width during Data Latch tlw 1 - = MS 
PGM Setup Time tpGMsS 2 = = us 
CE Hold Time tCEH 2 re “ us 
OE Hold Time tOoFH 2 = = MS 


Notes) *1. tpy is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topp. 


Switching Characteristics 
Test Condition Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: < 20ns 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 
Outputs; 0.8V and 2.0V 


Page Data Latch Page Program Program Verify 


es ee 0 a Fe re ee 
es ae Sea 
Ao, Ai FAO xX K RX XS 
yee wks eee TN 
Data ui KAA EO) 
oy im Valid 


Ven, 


Voc y, 





Recommended Screening Conditions 
Before mounting, please make the screening (baking 
without bias) shown in the right. 


Program and 
Verify 
by Programmer 



















Baking at 
125to 150°C 
for 24 to 48 hrs 





Ensuring 
Read-out 





Recommended 
Screening conditions 
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HN624016 Series 


@ TIMING WAVEFORM 
e Word Mode (BHE = ‘V,,,’) or Byte Mode (BHE = ‘V),’) (1) 
tre 


| hsp ssaseanoniacaandoanageuaoig 
CD 


Address 


tDHA 


Z 
™ = 
OE 
toe a As 
=e 
High Z V/V V7 High Z 
Dout < XXX Valid Data AA 


CE 
Pe ae 
aes 


tpbHC 


NOTES: 1. tpHa, tpHc, tpHo; determined by faster. 
2. taa, tace, tog; determined by slower. 
3. tcLz, toLz; determined by slower. 


e Word Mode, Byte Mode Switch (2) 


High Z High Z 
A “OK OKY : 


BHE 


5 KXXXXXXYK HE kD 7a 


\/ 
L\ 











D7~DO wat /\ /\ I\LV\LNLNZLN Data 
| toHB 

| wey Valid 

[NZ Data 


VV/\/ xX> 
D15~D8 WAAL é 
tauz BLZ 


NOTES: 1. CE and OE are enable Ajg ~ Ao are valid. 


2. Dis/A-1 pin is in the output state when BHE is high, CE and OE are enable. Therefore, the input signals of opposite 
phase to the output must not apply to them. 
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HN27C101AG Series— Preliminary 
CMOS 1Mb EPROM 


131,072-Word x 8-Bit CMOS UV Erasable and Programmable ROM 


@ DESCRIPTION 


The HN27C101AG is a 131,072 word by 8-bit erasable and electri- 
cally programmable ROM. This device is packaged in a 32-pin, dual- 
in-line package with transparent lid. The transparent lid allows the 
memory content to be erased with ultraviolet light, whereby a new 
pattern can then be written into the device. 


@ FEATURES 


e Single Power Supply..................00- ee eee +5V +10% 
e High Performance Program Mode and High Performance 
Page Program Mode............ Program Voltage: + 12.5V DC 
High Speed Page Programming: 14 seconds typ. 
©. Sigs fee h crea eR ROR eee oe oe es No Clocks Required 
e Inputs and Outputs TTL Compatible During Both Read 
and Program Modes 
e Access Time................. 100ns max. (HN27C101AG-10) 
120ns max. (HN27C101AG-12) 
150ns max. (HN27C101AG-15) 


@ BLOCK DIAGRAM 















A 
9 X- 1024*1024 
Decoder| | Memory Matrix 
‘I 2 


P 
Ee 












VOne ca 
“a 
(Top View) 
1/09 ¢ 1 To 
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HN27C101AG Series 
M@ MODE SELECTION 


SEIEIESE: a 
(22) (24) (31) (1) (32) (26) | (3~15, 17~21) 
Read Vit Vin Vcc Vcc Dout 
Output Disable High Z 
Stand High Z 
Program Vit Vin Vit Vpp Vcc Din 
Program Verify Vi Dou 
Page Data Latch Vin Vit Vin Din 
Page Program High Z 
Program Inhibit Vpp Voc X High Z 
Vin Vin Vin 
Identifier Vi. Vit Vin Vcc Code 


NOTE: 1. X = Don’t Care. 


™@ ABSOLUTE MAXIMUM RATINGS 


fem Symbol Un 


Operating Temperature Range °C 
Storage Temperature Range °C 
Storage Temperature Range Under Bias °C 
All Input and Output Voltages) V 
Vpp Voltage(!) -0.6 to +13.0 Vv 
Vc Voltage v 

NOTES: 1. With respect to GND. 

2. Pulse width: 50ns, DC: Vy min. = —0.6V. 

@ READ OPERATION 

e DC Characteristics (T, = 0 ~ 70°C, Vcc = 5V + 10%, Vpp = Vcc) 

Parameter | Symbol | Test Conditions | Min. | Typ. | Max | Uni 
input Leakage Current | iy | ‘Vq=525V—~| — | — | 2 | _#A 
Output Leakage Current | ho | Van =Sasvoasv | — | — | 2 | _»#A 
Veo Current i [Vp =5sv | | td 0d 
aa a 7 a Ce 

Ele Vee ORV ee ho) 0 aA 

[Yocr [CE = Valen = Oma | — | — | 30 | ma 
Vcc Current f=84MHz,In¢=OmA | — | — | 1002 | mA 

[Tocs [P= SMHiz, Iu =OmA | — | — | 30 | _mA 
iaputLow Volage | Mu | SSCS~sC | dT tS 
input High Voluge | Vu [| —S—=~dS | Sd Cet | 
Output Low Voltage | Vo. | lor =24ma | — | — | 04s |v 
Ouiput High Voluge | Vou | lon=—#0nA | 24 | — | — | V 
NOTES: 1. Pulse width: 50ns, DC: Vy min. = —0.3V. 

2. Tentative. 
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HN27C101AG Series 


M@ AC CHARACTERISTICS (T, = 0 ~ 70°C, Vcc =5V + 10%, Vpp a Vcc) 
HN27C101AG 
Parameter Symbol | Test Conditons -10 -15 Unit 


Max. 
Address to Output Delay | tacc | CE=OE=Vyz | — | 100 | Lo | 

CE to Ouput Delay | tcp | OF=Vy | — | 100 

GE to Output Del | tor | CE=Vy | 0 | 0 | 0 | 6 | 0 | 7 | ms 
GE High to Ouput Float | tor | _CE=Vn | 0 | 30 | 0 | 50] 0 | 30 | ms 
Address to Output Hold | toy [CE=OF=Vn| 0 | - | 0 


NOTE: _ tpr defines the time at which the output achieves the open circuit condition and data is no longer driven. 








@ SWITCHING CHARACTERISTICS 


e Test Conditions 


¢ Input Pulse Levels: 0.45V to 2.4V ¢ Input Rise and Fall Time: < 20ns 
e Reference Levels for Measuring Timing; Inputs: 0.8V,2.0V © Output Load: 1 TTL Gate + 100pF 
Outputs: 0.8V, 2.0V 


Address 


CE Stand-by Mode Active Mode Stand-by Mode 
OE ee 


tor 


Data Ou Woh2 ata Out van pH 


f 


Mi CAPACITANCE (T, = 25°C, f = 1MHz) 


Parameter Symbol Max. [Uni 
input Capacitance | Cn | Va=0V | — | — | 10 | oF 
Output Capacitance | Com | Vou=0V_ | _— | — | 3 | PF 
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HN27C101AG Series 


High Performance Programming 


This device can be applied the High Performance ming time without any voltage stress to the device 
Programming algorithm shown in the following flow- nor deterioration in reliability of programmed data. 
chart. This algorithm allows to obtain faster program- 


START 


Set Prog./Verify Mode 
Vpp=12.5+0.3V. Vcc=6.0+0.25V 






| n=0__ 


Program tps =0.2mst5% | < YES 


Address+1— Address <Cenry > 


Program tps =0.2n ms 


NO Last 
Address? 


Set Read Mode 
Vec=5, 0V+0, 25V, Vpp=Vcc 









NO 





Read 
All Address 





GO 
FAIL 


High Performance Programming Flowchart 
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HN27C101AG Series 


@ HIGH PERFORMANCE PROGRAMMING OPERATION 
e DC Programming Characteristics (T, = 25°C + 5°C, Vcc = 6V + 0.25V, Ver = 12.5V + 0.3V) 


Parameter Un 
Input Leakage Current te Vin = 6.25V/0.45V ae pA 
Output Low Voltage During Verify VoL Ip, = 2.1mA | — | — | 045 | V 
Output High Volage During Verify | Von | lon = -400,A | 24 | — [| — |v 
Vec Current (Active icc [Od 0m 
Input Low Level wid a Po 
Input High Level 7 ee Se 
Vep Supply Current | ep | CE=Vn | — | = | 40 | ma 


NOTES: 1. Vcc must be applied before Vpp and removed after Vpp. 
2. Vpp must not exceed 13V including overshoot. 
3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 
4. Do not alter Vpp either Vir to 12.5V or 12.5V to Viz, when CE = Low. 


m@ AC PROGRAMMING CHARACTERISTICS (High Performance Programming) 
(T, = 25°C + 5°C, Voc = 6V + 0.25V, Vpp = 12.5V + 0.3V) 


Parameter Min. Typ. | Max. Unit 
Address Setup Time 27 RR a EE KS 
OE Setup Time Piet i eee 
Data Setup Time rae aa ee 
Address Hold Time Wie ee ee 
Data Hold Time Coe. ee ee 
GE to Output Float Delay phe 2 ee ee 
Ver Setup Time Pio eee ae 
Vcc Setup Time ee el ee 
PGM Pulse Width During Initial 7". ee 0.19 | 0.20 0.21 sig 
Programming 
Somme | [m= fs 
CE Setup Time tee oe ee 
Data Valid From OF a YO 


NOTES: _ 1. tpr defines the time at which the output achieves the open circuit condition and data is no longer driven. 
2. topw is defined as mentioned in flowchart. 
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HN27C101AG Series 


@ SWITCHING CHARACTERISTICS 
e Test Conditions 


e Input Pulse Levels: 0.45V to 2.4V © Input Rise and Fall Time: < 20ns 
© Reference Levels for Measuring Timing; Inputs: 0.8V, 2.0V 


Address 


Data 


Vpp 
Vpp 
Vec 


Vec+1 


Vpp 
Voc 


1242 


Outputs: 0.8V, 2.0V 


Program Program Verify 


a: 
ED 


4 
~ DatainStable Data Out Valid > 
oe ee ee 
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HN27C101AG Series 


High Performance Page Programming 


This device can be applied the High Performance ming time without any voltage stress to the device 
Programming algorithm shown in the following flow- nor deterioration in reliability of programmed data. 
chart. This algorithm allows to obtain faster program- 


Vpp=12.5+0, 3V, Vcc=6.0+25V 
_n=0 | 


Address+1 Address 


n+1~>n 


Set Page Prog./ Verify Mode 
Vpp=12 5V+0 3V Vcc=6 0V+0 25V 


Program topw=0, 2ms+5% 
Address+1—» Address ERP 


Set Read Mod 
OV+0.2 








NO 









V 
NO Last 
Address? 


Set Read Mode 
Vec=5, OV+0, 25V, Vpp=Vcc 


Read 
All Address 





GO 


High Performance Page Programming Flowchart 
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HN27C101AG Series 


@ HIGH PERFORMANCE PAGE PROGRAMMING OPERATION 
e DC Programming Characteristics (T, = 25°C + 5°C, Vcc = 6V + 0.25V, Vpp = 12.5V + 0.3V) 


Parameter [ Symbol_[ _TestCondition | Min. | Typ| Max. | Uni 
Input Leakage Current ty | Va=62svioasv | — | — | 2 | oA 
Output Low Voltage During Verify VoL | Ign =2.ImA | — =| 0.45 V 
Output High Voltage During Verify | Von | lon =-4000A_| 24 | — | — | _V 
Vec Current (Active) a 
input Low Level 7 en = OT 
Input High Level ne a a = 
Vor Supply Current [ep [Ev - | — | 50 | mA 


NOTES: 1. Vcc must be applied before Vpp and removed after Vpp. 
2. Vpp must not exceed 13V including overshoot. 
3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 
4. Do not alter Vpp either Vit to 12.5V or 12.5V to Vit when CE = Low. 


@ AC PROGRAMMING CHARACTERISTICS (High Performance Page Programming) 
(T, = 25°C + 5°C, Voc = 6V + 0.25V, Vpp = 12.5V + 0.3V) 


Parameter Symbol Test Condition Min. | Typ. | Max. | Unit 
Adress Setup Time a Sa (0G 
OE Setup Time fete ee ee ce 
Data Setup Time a ne i eo eee 
AHL 
Data Hold Time Ewe ee ee ee me 
OE to Output Float Delay | top) | iit Te 130 ns 
Veo Setup Time ane ee ee 
Ve Setup Time Wee ee ce 
PGM Pulse Width During Initial ee SG ae ere ae 
Programming ad 
a od Oe 
CE Setup Time Efe ee ee 
Data Valid From OF So 
OE Pulse Width During Data Latch tlw ee ee eee ee ps 
BGM Setup Time ee eee eee 
OE Hold Time a ea ek 


NOTES: _ 1. tpr defines the time at which the output achieves the open circuit condition and data is no longer driven. 
2. topw is defined as mentioned in flowchart. 


@ HN27C101AG IDENTIFIER CODE 







Hex 


Identifier Data 





Manufacturer Code 
Device Code 


NOTES: 1. Ag = 12.0V + 0.5V 
2. Ai-Ag, Aio-A1, CE, OE = Vit 
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HN27C101AG Series 


@ SWITCHING CHARACTERISTICS 


e Test Conditions 


¢ Input Pulse Levels: 0.45V to 2.4V ¢ Input Rise and Fall Time: < 20ns 
© Reference Levels for Measuring Timing; Inputs: 0.8V, 2.0V 
Outputs: 0.8V, 2.0V 


Page Data Latch Page Program Program Verify 





A2~A16 





tAHL 


tas 
: 
AO, At —_ 


tp 





7 Data In} 


= 
saa PEK XS HY OLO-O 


ae 
= Data Out Valid 
Vpp 
Vpp 
Vee tvps 
Vec+1 


Vec 
Vec tvc 
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H N27C4096 Se ries — Preliminary 


262,144-Word x 16-Bit CMOS UV Erasable and Programmable ROM 


M@ DESCRIPTION 


The Hitachi HN27C4096G/CC is a 4-Mbit ultraviolet erasable and 
electrically programmable ROM, featuring high speed and low 
power dissipation. Fabricated on advanced fine process and high 
speed circuitry technique, the HN27C4096 makes high speed ac- 
cess time possible. Therefore, it is suitable for 16-bit microcomputer 
systems using high speed microcomputer such as the 80286 and 
68020. The HN27C4096 offers high speed programming using page 
programming mode. This device has the package variation of cerdip- 
40 pin and JLCC-44 pin. 


@ FEATURES 
e High Speed 
Access Time ..............-22005. 100/120/150ns (max.) 
e Low Power Dissipation 
Standby Mode ............. 2 cece eee eee eee 5uW (typ.) 
Active Mode ....................2005. 35mW/MHz (typ.) 





e Fast High Reliability Page Programming and Fast High 
Reliability Programming 


Programming Voltage ................. 0005 + 12.5V D.C. @ PIN DESCRIPTION 
PICOlaM: LIMO acces kee tew es eee sods 7 sec. (min.) ; 
(Theoretical in Page Programming) Pin Name Function 
e Inputs and Outputs TTL Compatible During Both Read Ag-Aq7 Address 
and Program Modes Oc6 mano 
e Pin Arrangement................05- 40-Pin JEDEC Standard om is us Ata! a 
44-Pin JLCC JEDEC Standard CE Chip Enable 
e Device Identifier Mode . . . .Manufacturer Code and Device Code OE Output Enable 
@ ORDERING INFORMATION Vec Power Supply 








Vpp Programming Power Supply 
Vss Ground 


Package 


Access Time 





HN27C4096G-10 
HN27C4096G- 12 
HN27C4096G- 15 


HN27C4096CC-10 
HN27C4096CC-12 
HN27C4096CC-15 


600 mil 40 pin 
Cerdip (DG-40A) 









44 pin 
JLCC (CC-44) 
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HN27C4096 Series 


@ PIN ARRANGEMENT 
© HN27C4096G © HN27C4096CC 


OMAN Ooh DNDN = 


(Top View) 


2048°2048 
Memory Matrix 
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HN27C4096 Series 
M@ MODE SELECTION 
















Mode Pin [ CE | Of | Ay | We | Voc] 10 
ca | @ | @ | o | @ | # | @n wa 
pe4oa| @ | @ | @ | @ | @ | G0, 2-1) 
Read a 7 ee  O 
Output Disable Vit Vin High Z 
Standby High Z 
[Page Program Set | Vn | Va® |X | Vw | Vcc_| _ HighZ 
vce [Page Data Latch | Vu | Ww® |X | Ver | Vec | Di 
Pose [Page Program | Vn | Vm |X | Ve | Vec_| High 
[Page Program Verify | Via | Vu_| | Ve | Vcc_| Dom 
[Page Program Reset | Vim | Vm |X | Vcc | Voc _| High 
[Program | Vn | Vm |X | Ver | Voc_| Di 
[Program Verify | Vm | Vu |X [| Ve | Voc | Dou 
word [Optional Verify | Vu | Vu |X | Ve | Vcc_| Dou 
[Program Inhibit | Via | Vm |X | Vep | Voc_| High 
Identifier Vint Vint | Vy® =| Vss-Vee | Vee Code 
NOTES: [. X = Don’t Care. 
“2. Vy = 12.0V + 0.5V 
@ ABSOLUTE MAXIMUM RATINGS 
em Uni 
All Input and Output Voltages() V 
Voltage on Pin Ay and OE Vp 6.080 43.0 
Ver Voltage [Ve if BSL 
Vcc Voltage a e E 
Operating Temperature Range eC 
Storage Temperature Range) ee Te “Cc 
Storage Temperature Under Bias nS 
NOTES: _ 1. Relative to Vss. 
2. Vins Vout’ Vip, min. = -2.0V for pulse width < 2Ons. 
3. Storage temperature range of device before programming. 
M@ CAPACITANCE (T, = 25°C, f = 1MHz) 
Item Test Conditions | Min. | T ; 
Input Capacitance [~G | vn-w | - | | 
Output Capacitance | Com | You=0V_ | — | — 
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HN27C4096 Series 


™@ READ OPERATION 
e DC Characteristics (Vec = SV + 10%, Vpp = Vsg to Vcc, T, = 0 to +70°C) 


tem [Max 
Input Leakage Current uy Vin = 5.5V po 
Output Leakage Current Ito Vout = 5.5V/0.45V | 
Vpp Current Vpp = 5. 1 20 


CE = Vin 
CE = Vcc + 0.3V 
Ionut = OMA, f = 1MHz 
Inu = OmA, f = 1OMHz 


Standby Vcc Current 


| 
vi) 
Wn 
< 


1 


Se) 


be 
S 


Operating Vcc Current i 


LISS 1 
F IQ | |B 


-0.3() 
ae es ee 
— 8 IANS ETE Veet 
VoL Io, = 2.1mA | | 0.45 
Output Voltage 
Vou lon = -400 nA 
NOTES: 1. Vi min. = -1.0V for pulse width < 5Ons. 


Vit min. -2.0V for pulse width < 20ns. 


2. Vin max. = Vcc + 1.5V for pulse width < 20ns 
If Vin is over the specified maximum value, read operation cannot be guaranteed. 


mM AC CHARACTERISTICS (Vcc = SV + 10%, Vpp = Vss to Vcc, T, = 0 to +70°C) 
e Test Conditions 


¢ Input Pulse Levels: 0.45 to 2.4V 
© Reference Levels for Measuring Timing: 0.8V, 0.2V 


¢ Input Rise and Fall Times: < 10ns 
© Output Load: 1 TTL Gate + 100pF 


Item Symbol ea Unit 

| Min. | Max. | | Min. | | Max. | | Min. | Max. | 
Address to Output Delay | tacc | CE=OE=Vy | — | 100 | — | 120 =a 150 ns 
CE to Output Delay ce | OF=Vn | — | 0 | — | oo | — | 150 | os 
GE wo Output Delay ion | CE=vn, | — | o |— | 0 |— | 0 |os 
OE High to Output Float | wp | CE=Vn | 0 | 35 | 0 | 40 | 0 | 50 | os 
Address to Output Hold CE = OF = Vy, | 5 | — | 5 [| — | 5 [| — | ns 


NOTE: 1. 


tpF is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 


e Read Timing Waveform 


Address 


Stand-by Mode Stand-by Mode 
—— 


KCL Data Out Valid = sb > 


CE 
OE 
Data Out gale 
@ HITACHI 
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HN27C4096 Series 


START 
Set Page Program Latch Mode 
Vpp=12.5+0, 3V, Vcc=6.0+25V 


[n=0 | 











NO 
Set Page Prog./ Verify Mode YES 


Vpp=12 5V+0 3V Vcec=6 0V+0 25V 


Set Read Mode 
Vec=5, OV+0, 25V, Vpp=Vcc 


Read 
All Address 


GO 
CED > 





Fast High-Reliability Page Programming Flowchart 
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HN27C4096 Series 


Fast High-Reliability Page Programming 


This device can be applied the high performance 
page programming algorithm shown in the follow 
flowchart. This algorithm allows to obtain faster pro- 
gramming time without any voltage stress to the de- 
vice nor deterioration in reliability of programmed 
data. 


Page Program Set 


Apply 12V to OE pin after applying 12.5V to Vpp to set 
a page program mode. The device operates in a 
page program mode until reset. 


Page Program Reset 
Set Vpp to Vcc level or less to reset a page program 


mode. 


e DC Characteristics 


fem Uni 

Input Leakage Curent | yy | Va=625voasv | — | — | 2 | #A 
Output Voltage During Verify oa Fa a ul 
Vou | tow = 4004 _[ 24 | — | - [Vv 

Operating Voc Curren’ | Ico | SSS | dm 
vi | a a 
Input Voltage va | iY | Wee + 05 
ve | sf eo es 

Vpp Supply Current | Ipp CE = Vi, — — 70 mA 

NOTES: 1. Vcc must be applied before Vpp and removed after Vpp. 


. Vpp must not exceed 13V including overshoot. 

. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 
. Do not alter Vpp either Vy to 12.5V or 12.5V to Vi when CE = low. 

. Vir min. = -0.6V for pulse width < 20ns. 

. If Vin is over the specified maximum value, programming operation cannot be guaranteed. 


Nn & WN 


MAC CHARACTERISTICS (Vcc = 6V + 0.25V, Vpp = 12.5V + 0.3V, Ty = 25°C + 5°C) 


e Test Conditions 


¢ Input Pulse Levels: 0.45 to 2.4V 
© Reference Levels for Measuring Timing; Inputs: 0.8V, 0.2V 
Outputs: 0.8V, 2.0V 


e Input Rise and Fall Times: < 20ns 
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HN27C4096 Series 


= Ua 
Aes Sep Tne i Se OS Se SAN RSE 
OE Seup Tine i" NOS Oa ate ae 
Das Setup Tine a NaN BAL Sea I CO 
Addiess Hold Tis ee CE DR WE (SSS ao a 
Das Hold Tine Sk EASA Sa Te E H 
OE High o Ou Hoa Delay [pet [0 
Vop Seup Ti ee ee 
Ve Setup Tine i RS BSS ee 
CE Initial Programming Pulse Width tw | | 475 | 50.0 bs 
CE Overpropramming Pulse Width | Topy@ [as] 5080 | 
CE Setup Tine acacia ae esl eae Dr Se 
Dat Valid From OE 2 NS OR 
CE Pulse Width During Data Latch | tw fo ti ps 
OF = Vi Seup Tine <a SmI ak S02 I eam 
OF = Vi, Hold Tie i Sane 5 TEN Ae aa Fa 
OF Hol Tne cs ae i 
Vip Hold Tine a ANE as BI a 


NOTES: 1. tpr is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
2. Refer to the programming flowchart for topw. 
3. Page program mode will be reset when Vpp is set to Vcc or less. 
Fast High-Reliability Programming 
This device can be applied the fast high-reliability programming time without any voltage stress to the 


programming algorithm shown in the following device nor deterioration in reliability of programmed 
flowchart. This algorithm allows to obtain faster data. 


Set Page Program Latch Mode 
Vpp=12.5+0, 0.3V, Vec=6.0+25V 










Program tpw =50ys+5% 
Address+1—» Address 


Program tpw=(50yus+5%) X n 


Last 
Set Read Mode 
Vcc=5.0+0.5V Vpp=Vcc 


Read 
Ail Addres 


GO 
(_END_) 


Fast High-Reliabiiity Programming Flowchart 
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HN27C4096 Series 


Page Program Mode 
Program Data Latch Page Program Program Verif 









a2-ai7 | 
ki A 
AO, At (= (CX XK _; 
- a 
Data { ) > ) ) 
tel 
Kea. 


Voc 
Voc 
“ 
: 
tvrs 
OE 





m 


Fast High-Reliability Page Programming Timing Waveform 
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HN27C4096 Series 


e DC Characteristics (Vcc = 6V + 0.25V, Vpp = 12.5V + 0.3V, T, = 25°C + 5°C) 


Item Symbol Min. Typ. Max. Unit 
Input Leakage Current | olny = 53.5V/0.45V 


ee ee ae ee ee 

eo ee ee 

Operating Voc Current [lee [———S—SSSidC =m 

CE eee Se V 

ee Vm p22 Nc #050] 

ne | Vou | lon =24mA | | = | 05 

ina [Vou | lou=-400nA | 24 | — | — | V 
NOTES: . Vcc must be applied before Vpp and removed after Vpp. 


1 
2. Vpp must not exceed 13V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 
4. Do not alter Vpp either Vy, to 12.5V or 12.5V to Vu, when CE = low. 

5. Vir min. = -0.6V for pulse width < 20ns. 

6 


. If Vin is over the specified maximum value, programming operation cannot be guaranteed 


™ AC CHARACTERISTICS (Vcc = 6V + 0.25V, Vpp = 12.5V + 0.3V, Ty = 25°C + 5°C) 


e Test Conditions 


© Input Pulse Levels: 0.45 to 2.4V © Input Rise and Fall Times: < 20ns 
¢ Reference Levels for Measuring Timings: 0.8V, 0.2V 


em Uni 
Address Setup Time ne ee 
OE Seup Time oe ee ee ee 
Data Setup Time eo ees ee 
Address Hold Time a. JO) = fm 
Data Hold Time ie ee 
OE wo Output Flow at Delay es a 
Veo Setup Time i. ae ee oe 
Vcc Setup Time Pie ee Le 
CE Initial Programming Pulse Width er pS 
CE Overprogramming Pulse Width ltopw2? | 47.5 1525.0 LS 
Data Valid From OE tog Do = Te 


NOTES: 1. tpr is defined as the time at which the output achieves the open circuit condition and data is no longer driven. 
2. Refer to the programming flowchart for topw. 
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HN27C4096 Series 


e Fast High-Reliability Programming Timing Waveform 


Program Program Verify 


~ 





Address 
Data = ee Stable a or Out _Deta Out Val <ce 
Vop Cee 


Vpp 
Vec 
Vec+1 

Vpp 
Vec 

CE SS 


Erase Mode Description 


Erasure of HN27C4096G/C is performed by expo- Device Identifier Mode 
sure to ultraviolet light of 2537 A and all the output 
data are changed to ‘1” after this erasure proce- 
dure. The minimum integrated dose (i.e., UV inten- 
sity x exposure time) for erasure is 15 sec/cm?. 


The device identifier mode allows the reading out of 
binary codes that identify manufacturer and type of 
device, from outputs of EPROM. By this mode, the 
device will be automatically matched its own corres- 
ponding programming algorithm, using program- 
ming equipment. 


¢ HN27C4096 Identifier Code 


Tae [10-05 [70 

(1)-(4) (16) (20) 

DG-40A | (21) (12) 14 

Manufacture Code pee oa 
ae eae 









Identifier 













Device Code 


NOTES: _ 1. X = Don’t Care. 
2. Vy = 12.0V + 0.5V 


i 
= i 
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HM1 0494 Se ries — Preliminary 


16384-word x 4-bit Fully Decoded Random Access Memory 


The HM10494 is ECL 10K compatible, 16384-word by 4-bits 
readMrite random access memory developed for high speed systems 
such as scratch pads and control/ouffer storage. 


Features 

* 16384-word x 4-bit organization 

¢ Fully compatible with 10K ECL level 

¢ Address access time: 10/12 ns (max) 

¢ Write pulse width: 6 ns (min) 

¢ Low power dissipation: 800 mW (typ) 

¢ Output obtainable by wired-OR (open emitter) 





Ordering Information 


Type No. Access Time Package 
HM10494-10 10 ns 400 mil 28 pin Cerdip | (DG-28N) | 
HM10494-12 12 ns (DG-28N) 
HM10494F-10 10 ns 28 pin Ceramic Flat 
HM10494F-12 12 ns (FG-28D) 
Function Table 
Input 
ras WE Din Output Mode 
H x x L Not Selected 
L L L L Write “0” 
L L H L Write “1” 
L H x Dout"! Read 
Notes: x; Irrelevant *1; Read Out Noninvert 
Block Diagram Pin Arrangement 





Al2 


Y-Decoder/Driver 


Memory Cell Array 
16384 words X 4bits 


X-Decoder/Driver 


Block 1 Block 2 | Block 3 


R/W R/W R/W R/W 
Circuit Circuit Circuit Circuit 


O O QO e O O 
DIi1 DO1 DI2 DO2 DI3 DO3 DI4 DO4 


(Top View) 
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HM10494 Series 


Absolute Maximum Ratings (Ta = 25°C) 
Item Symbol Rating Unit 
Supply Voltage VeE to Vcc +0.5 to —7.0 V 
Input Voltage Vin +0.5 to VEE V 
Output Current Iout —30 mA 
Storage Temperature Tstg —65 to +150 °C 
Storage Temperature Tstg (Bias)"! —55 to +125 i © 
Note: *1; UnderBias 
Electrical Characteristics 
DC Characteristics (Ver = —5.2V, Ri = 50Q to -2.0 V, Ta = 0 to +75°C, air flow exceeding 2 m/sec) 
Item Symbol Min(B) Typ Max(A) Unit — Test Conditions 
-1000 — —840 0°C 
Von -960 — ~-810 +25°C 
Output Voltage = = a mV Vin=Vmaor ViB aa 
VoL —1850 — -1650 +25°C 
-1830 — -1625 +75°C 
-1020 — — 0°C 
Vonc -980 — -_ +25°C 
Output Threshold Voltage = 1645 mV Vin = Vie or Vita eas 
VoLc — — _ -1630 +25°C 
— — -1605 +75°C 
-11445 — —840 Guaranteed Input Voltage 0°Cc 
Vin -1105 — -810 High for All Inputs +25°C 
-1045 — -720 +75°C 
Mipul Molage -1870 — -1490 my Guaranteed Input Voltage 0°C 
Vi —-1850 — -1475 Low for All Inputs +25°C 
-1830 — -1450 +75°C 
In —_ — 220 Vin = Vina 0 to +75°C 
Input Current In & = alle tA ghey Seek = - 0 to +75°C 
-180 — — All Inputs and Outputs Ta =0°C 
Supply Current Ire 180 —~ MA Open Ta = 75°C 


AC Characteristics (Ver = -5.2 V+5%, Ta=0 to +75°C, air flow exceeding 2 m/sec) 





Read Mode 
HM10494-10 HM10494-12 as 
Item Symbol Min Typ Max Min Typ Max Unit Test Conditions 
Chip Select Access Time tAcs —_—_ — 6 — — 8 ns 
Chip Select Recovery Time IRCS —_- — 6 — — 8 ns 
Address Access Time tAA —_- — 10 — — 12 ns 
@ HITACHI 
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HM10494 Series 


Write Mode 
HM10494-10 HM10494-12 a) 
It Symbol ———— i Test Condit 
em y Min Typ Max Min Typ Max Unit est Conditions 
Write Pulse Width tw 6 — —_ 8 — _— ns twsa = twSA min 
Data Setup Time twsD 2 — — 2 —- — ns 
Data Hold Time tWHD 2 — — 2 — — ns 
Address Setup Time twsa 2 — — 2 —- — ns tw = tw min 
Address Hold Time {WHA 2 ae — 2 — — ns 
Chip Select Setup Time twscs 2 — — 2 —- — ns 
Chip Select Hold Time tWHCs 2 = — 2 — — ns 
- WriteDisableTime =  tws .— — 6 —  —  § ns 
Write Recovery Time twR — — 12 — — 14 ns 
Rise/Fall Time 
Item Symbol Min Typ Max Unit Test Conditions 
Output Rise Time tr — 2 — ns 
Output Fall Time tf — 2 — ns 
Capacitance 
Item Symbol Min Typ Max Unit Test Conditions 
Input Capacitance Cin — 3 — pF 
Output Capacitance Cout = 5 — pF 
HITACHI 
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HM10494 Series 
Test Circuit and Waveforms 


Loading Condition Input Pulse 


Test Circuit 
O Vec(GND) 


©@17V 





Ci 


t,=ty=2.0ns typ. 


R, = 50Q 
CL _ 30pF 
as Ver ©2.0V (Includes probe 


and yg capacitance) 





0.01uF 


Read Mode 


Address 


Dout 





Write Mode 
CS 50% 
= 7 = 
Rea! 
WE 
Dout _ 
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HM10490 Series— Preliminary 


65536-Words x 1-Bit Fully Decoded Random Access Memory 


M@ DESCRIPTION 


The HM10490 is ECL 10K compatible, 65536-words by 1-bit read/ 
write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 

@ FEATURES 


e 65536 x 1 Bit Organization 
¢ Fully Compatible with 10K ECL Level 


e Address Access Time .......... 0.00: cee eee 10/12ns (max.) 
e Write Pulse Width .......... 0.0.00. eee eee eee 6/8ns (min.) 
e Low Power Dissipation ...................0055 570mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
M@ ORDERING INFORMATION 


10ns 
12ns 


@ BLOCK DIAGRAM 













Package 


300 mil 22 pin Cerdip 
(DG-22N) 






HM10490-10 
HM10490-12 


Ao Ai Azo Ag Ary Aig Arg Ais 
0000000 C 
Y—Decoder/Driver 


A4O 
AsO 
AsO 
A7O 
As © 
Ag OQ 
A110 
A120 


Memory Cell Array 


65536 words x 1 bit 


® 
oO 
OQ 
O 
® 
Q 
~ 
Y) 
~) 
® 
pe 
oO 
mo} 
T 
x< 





WE OTT Rw reat 


@ O 
Din Dout 
@ HITACHI 


(DG-22N) 


@ PIN ARRANGEMENT 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Sinem 
L 


X = Irrelevant; 
* = Read out noninvert 
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HM10490 Series 
m@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


fem Unit 
Supply Vollage Vv 
Input Voltage v 
Output Curren Ss <n 
Storage Temperature °C 


Storage Temperature O55 to +125 °C 


NOTE: * = Under bias. 


@ DC CHARACTERISTICS (Vg = 95.2V, Ry = 500 to 62.0V, T, = 0 to +75°C, air flow exceeding 2m/sec.) 











te Un 
[e600 | — | 0840 
Vou +25°C | 6960 | — | ©810 | 
e900 | — | e720 
Output Voltage Vin = Vina OF Vip = C a Tf oe mV 
Vor [535°C 01850 | — | 01650 
[475°C [oiws0 | — | 01625 
oe fouol—[ — 
Vouc [a35°C | ono [— [| 
Output Threshold Voltage Vin = Viyp Or Vita che i mV 
Vouc ee 
[4756 | — [= [0160s 
ee ore | ome | — | 0840 | 
uaranteed Input Voltage 
ViH_ | High for All Inputs +25°C | ons | — | 6810 _| 
ninciees | +75°C__| 1045 | — | 6720 | 
pa | oe [0ie70 | — | on90 
Vu, | Gummanwednpa einge | “y28¢ [ome | — [Ons 
+7596 | 01830 | — | 01450 
Ow +7 | — [— | 20 
Input Curren nes Le on LO 
Supply Caren evo [— | — [ma 
M@ AC CHARACTERISTICS (Ve = 05.2V + 5%, T, = Oto +75°C, air flow exceeding 2m/sec.) 
1. Read Mode 
It Symbol | — Test Conditi ee aa 
= a, Max : 
Chip Sloot Access Tine [tucs | SC—C—<‘i PP TP 
Chip Select Recovery Time | tees | Sid = | | 6 | —-[—-] 8 | os 
Address Access Time pig Se ma ee 
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HM10490 Series 


2. Write Mode 

Item Min. | Typ. |} Max.| Min.| Typ. Unit 
Write Pulse Width eo se ea 
Daia Setup Time ce Ses ere tes r 
Data Hold Time ae om 
Address Setup Time tye Gy imine | ee ee ee 
Address Hold Time ee el a es ae 
Chip Select Setup Time eS Sees esa ns 
Chip Select Hold Time fe sleet ae I Des aes es ns 
Write Disable Time | tws | faces I ae hy Oy ee eee el ns 
Write Recovery Time | twr | Baa Sas ees ns 


3. Rise/Fall Time 


Output Rise Time 
Output Fall Time 





4. Capacitance 










Item 






Input Capacitance 
Output Capacitance 


caeaieiane =O 
=a 
[Symbot [Test Condition | Min. [7 
a 
ae 


@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 2. Input Pulse 


Vec (GND) 
e@ 





61.7V 





0.01 pF 
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HM10490 Series 
3. Read Mode 


50% 


50% 





4. Write Mode 


cs 


Address 


Din 
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H M 10504- 1 0/1 2 — Preliminary 


65536-Words x 4-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM10504 is ECL 10K compatible, 65536-words by 4-bits 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

@ FEATURES 


e 65536 x 4 Bit Organization 
e Fully Compatible with 10K ECL Level 


e Address Access Time ............ 0.00 cece 10/12ns (max.) 
e Write Pulse Width .......... 0.0... cee eee 8ns (min.) 
e Low Power Dissipation ............. 0.00000 ee 620mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
m@ BLOCK DIAGRAM 


As Ag Az Ag Ai2 Aig Aig Ats 
0000000 Oo 


a a 


Ao 
A1 
A2 
A3 
A4 
Ag 
A10 
Ait 









Memory Cell Array 
65536 words x 4 bits 





~~ 
® 
ms) 
re] 
© 
® 
2 
” 
” 
@ 
3 
xo) 
T 
x< 


Block 1} Block 2 | Block 3 | Block 4 


ae Se a EE 

Be OL dieu | chow | dim | cite 
OD UO © O © O CO @ 
Dio DOgDIy DO1Di2g DOpDig DOg 





@ ORDERING INFORMATION 


Access Time 


10 ns 
12 ns 











Package 


300 mil 28 pin Cerdip 
(DG-24V) 






HM10504-10 
HM10504-12 


© HITACHI 


ao 
L 





Output 





X = Irrelevant: 


* = Read 


out noninvert 


@ PIN DESCRIPTION 


Pin Name 
Ay-A15 
Djo-Dj3 
Doo-Dos3 
WE 
cs 
Vcc 
VEE 


Function 
Address Input 
Data Input 
Data Output 
Write Enable 
Chip Select 
Ground 


Supply Voltage 
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H M 1 0500-1 5 — Preliminary 


262,144 Words x 1-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


HM10500-15 is ECL 10K compatible, 262,144-words x 1-bit, read/ 
write random access memory developed for high speed systems 
such as main memories for super computers. 

M@ FEATURES 


e 262,144-words x 1-bit Organization 
e Fully Compatible with 10K ECL Level 


e Address Access TIM@. . 0.6... eee ee 15ns (max.) 
© Write Pulse WiGIRh: <6 bcs ke oo as oR ee Oe eS 10ns (min.) 
e Low Power Dissipation .................000005 520mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 


300 mil 24 pin 


Cerdip (DG-24V) 










HM 10500-15 





@ FUNCTION TABLE 


alae 
— Output Mode 
a 


| Pn | 
H Not Selected 





W . 6 ] 99 
rite (Top View) 


Digi Read 


NOTES: X = Irrelevant 
*| = Read Out Noninvert 


0. O25NAX 
(0. 6 4NAX) 


0, 03+0, 001 
0. 762+0. 03) 


| 


0, 3040, 002 
(9, 0140, 05) 


0. 0000, 0015 
(0. 2340, 04) 


I 


_. 


0.97440, 005 


(24, 7440. 13) 
0. O90NAX 


0, 
(0. Se Reference Point 


0. 0440, 005 
(1. 02+0. 13) 
*1 OFF SET INCLUDED 


UNIT:inch (mm) 





(DG-24V) 
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HM10500-15 


@ BLOCK DIAGRAM 





Ay © o—lu 
n) 
‘) ote MEMORY 
QOqQ| | CELL ARRAY 
! as 
' pes 256 X 1024 O Do 
( xO 
A, ed mm 
aes 
SENSE AMP 0 CS 
and R/W 
CONTROL we 
Y-ADDRESS 
is 





aun I 


WS LX 
As Ay ----- Aiz 
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HM10500-15 


Absolute Maximum Ratings (Ta=25°C) 














Item Symbol Rating Unit 

Supply Voltage Vege to Vec +0.5 to —7.0 V 

Input Voltage Vin +0.5 to Vee V 

Output Current lout —30 mA 

Storage Temperature Tstg —65 to +150 °c 

Storage Temperature T stg (Bias)* —55 to +125 °C 
* Under Bias 


Electrical Characteristics 


DC Characteristics (Vep=—5.2V, Ry, =50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 








Item Symbol min(B) typ max (A) Unit Test Condition 
—1000 - —840 o°c 
cn elena 
Output Vol iA =120 Ge Seky , +75°C 
utput Voltage ©§ ———————_—___—____——— m = or 
~1870 — ~1665 sl o°c 
Vo. 1850 - —1650 +25°C 
—1830 _ —1625 +75°C 
—1020 — = o°c 
Vone 980 - - +25°C 
Output Threshold —920 = = _ +75°C 
Voltage a a 1645 mV Vin=Vine Of Vira OC 
Vo LC = = —1630 +25° Cc 
= _ —1605 +75°C 
—1145 _ —840 o°c 
= _ - Guaranteed Input Voltage ° 
Wie 22S High for All Inputs =e 
—1045 _ —720 +75°C 
Input Voltage —_ rm - 
—1870 — —1490 oc 
ae _ a Guaranteed Input Voltage 496° 
Mis geen ee Low for All Inputs 22 
—1830 _ —1450 +75°C 
le - = 220 Vine VHA 0 to +75°C 
Input Current 0.5 = 170 cs Pe 
be ae ge Wage eee ee pA Others Vin=ViLB 0 to +75 C 
180 = = All Inputs and Outputs Open Ta=0°C 
Supply Current lee a oS = = mA Test Pin 12 oe 





AC Characteristics (Vpp=—5.2V5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 











Read Mode 
Item Symbol min typ max Unit Test Condition 
Chip Select Access Time tacs — _ 15 ns 
Chip Select Recovery Time trcs _ _ 10 ns 
Address Access Time tan _ _ 15 ns 
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HM10500-15 






































Write Mode 
Item Symbol min typ max Unit Test Condition 
Write Pulse Width tw 10 _ - ns twsaz2ns 
Data Setup Time twso 2 _~ ~ ns 
Data Hold Time tWwHD 3 - _- ns 
Address Setup Time twsa 2 ~ _ ns ty=10ns 
Address Hold Time tWHA 3 _ _ ns 
Chip Select Setup Time twscs 2 _ _ ns 
Chip Select Hold Time tWHcs 3 = = ns 
Write Disable Time tws - - 10 ns 
Write Recovery Time twr _ _ 18 ns 

Rise/Fall Time 
item Symbol min typ max Unit Test Condition 
Output Rise Time tr - 2 - ns 
Output Fall Time ty _ 2 _ ns 

Capacitance 
item Symbol min typ max Unit Test Condition 
Input Capacitance Cin _ 3 ~ pF 
Output Capacitance Cout _ 5 a pF 
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HM10500-15 


Test Circuit and Waveforms 
Loading Condition Input Pulse 


© VedGND) 
= O.9'V a me mee ee 


R,=500 
001 uF C, =30pF 
ee (Includes probe 


and jig capacitance) 
Read Mode 


Address 


Write Mode 


Address 
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HM100494 Series— eee 


16384-word x 4-bit Fully Decoded Random Access Memory 


The HM100494 is ECL 100K compatible, 16384-word by 4-bits 
read/write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 


Features 

* 16384-word x 4-bit organization 

¢ Fully compatible with 100K ECL level 

e Address access time: 10/12 ns (max) 

¢ Write pulse width: 6 ns (min) 

* Low power dissipation: 650 mW (typ) 

* Output obtainable by wired-OR (open emitter) 


Ordering Information 


Type No. Access Time Package _ (DG-28N) 
HM 100494-10 10 ns 400 mil 28-pin Cerdip 

HM 100494-12 12 ns (DG-28N) 

HM100494F-10 10 ns 28-pin Ceramic Flat 

HM100494F-12 12 ns (FG-28D) 


Function Table 


Input 
Cs WE Din Output Mode 

H x x i Not Selected 

L L L L Write “0” 

L L H L Write “1” 

L H x Dout"! Read 
Notes: x; Irrelevant *1; Read Out Noninvert 
Block Diagram Pin Arrangement 


AlO All Al2= Al3 
O 0 e 


Y-Decoder/Driver 


Memory Cell Array 
16384 words X 4bits 


X-Decoder/Driver 


Block 1 Block 2 Block 3 Block 4 


R/W R/W R/W R/W 
Circuit Circuit Circuit Circuit 


O O VU U U 
Dl) DO! DI2 DO2 DIZ DO3 DI4 DO4 


(Top View) 
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HM100494 Series 


Absolute Maximum Ratings (Ta = 25°C) 


Item 
Supply Voltage 
Input Voltage 
Output Current 
Storage Temperature 


Symbol 
Vee to Vcc 
Vin 
Tout 
Tstg 


Storage Temperature 


Note: *1: UnderBias 


Electrical Characteristics 


Tstg (Bias)'* 


DC Characteristics (Ver = —-4.5 V, Rt = 50Q to -2.0 V, Ta = 0 to +85°C, air flow exceeding 2 m/sec) 
Max (A) Unit 





Item Symbol Min(B) Typ 

Vou -—1025 -955 

Output Voltage Vo gg ae 
Vonc —1035 ean 

Output Threshold Voltage as = — 
Input Voltage Vin ~1165 = 
VIL ~1810 aes 

In cae oe 

Input Current In 05 on 
—50 ete 


—880 
-1620 
—1610 

—880 
-1475 

220 
170 


Rating Unit 
+0.5 to —7.0 V 
+0.5 to VEE V 
—30 mA 
—65 to +150 “Cc 
~55 to +125 °C 
Test Condition 
mV 
mV Vin = Vma or ViLB 
is Vin = Vim or Vita 
mV 
mV Guaranteed Input Voltage 


mV High/Low for Ail Inputs 


pA Vin = Vina 
HA Vin = Vib 


cos 
Others 


mA All Inputs and Outputs Open 


AC Characteristics (Ver = —4.5 V + 5%, Ta = 0 to +85°C, air flow exceeding 2 m/sec) 


Read Mode 


HM100494-10 


Item 


Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time 


Write Mode 


Item 


Write Pulse Width 


Symbol 


Tacs 
{RCS 
tAA 


HM100494-12 
Min Typ Max Min 


6 ie. 
6 ane 


oe. ees 10 = 


HM100494-10 


Min Typ Max Min 


Data Setup Time 


Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time 


Chip Select Hold Time 


Write Disable Time 
Write Recovery Time 


Typ Max a 
— 8 ns 
— 8 ns 
— 12 ns 
HM100494-12 | Unit 
Typ Max 
—_—_ — ns 
—_-_ — ns 
—_- — ns 
—_-_ — ns 
—_—_ — ns 
—_—- — ns 
—_- — ns 
— 8 sons 
— 14 ns 


6 — — 8 

2 — — 2 

2 — — 2 

2 — —— 2 

2 — — 2 

2 — — 2 

2 — — 2 

— paar 6 _—_ 
ens oes 12 =a 
© HITACHI 





Test Condition 


Test Condition 


twsaA = twsa min 


tw = tw min 
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Rise/Fall Time 
Item 
Output Rise Time 
Output Fall Time 


Capacitance 
Item 
Input Capacitance 
Output Capacitance 


Symbol 


tf 


Symbol 
Cin 
Cout 


Min 


Min 
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Max 


Max 


Unit 
ns 


Unit 
pF 
pF 


HM100494 Series 


Test Condition 


Test Condition 





HM100494 Series 


Test Circuit and Waveforms 


Loading Condition Input Pulse 


Test Circuit 
Vec (GND) 


C. 


t, = ty =2.0ns typ. 
Ri =50Q 
Ci = 30pF 
(Includes probe 
and jig capacitance) 


Address 


Write Mode 


50% 


Address 
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H M 1 00490 Se ries — Preliminary 


65536-Words x 1-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 

The HM100490 is ECL 100K compatible, 65536-words by 1-bit 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 
@ FEATURES 


e 65536 x 1 Bit Organization 
e Fully Compatible with 100K ECL Level 


e Address Access Time ............. 0c cece eee 10/12ns (max.) 
e Write Pulse Width .............. 000 cc eee eee 6/8ns (min.) 
e Low Power Dissipation ...................2.4-. 500mW (typ.) 


e Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 


10ns 
12ns 


@ BLOCK DIAGRAM 










Package 


300 mil 22 pin Cerdip 
(DG-22N) 









HM100490-10 
HM100490-12 


Ao Ai Az Ag Ag At Arg Ais 
0000000 CO 


Y—Decoder/Driver 


As 
Aé 
A7 
As 
Ag 
A10 
Ait 
A13 


Memory Cell Array 
65536 words x 4 bits 


dae 
® 
a) 
re) 
5) 
® 
Q 
2) 
” 
® 
—_ 
aS) 
ao] 
ir 
x< 





oe OL RW Circuit 


@ 
Din/Dout 


@ HITACHI 





(DG-22N) 


@ PIN ARRANGEMENT 


OADAN DO Ah WD — 








NOTES: 


X = Irrelevant; 
* = Read out noninvert 
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HM100490 Series 
@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


em Unit 
Supply Vollage Vv 
Input Volge Vv 
Output Current ee Pm = 
Storage Temperature ee 
Storage Temperature °C 


@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (Vpp = -4.5V, Ry = 500 to -2.0V, T, = 0 to +85°C, air flow exceeding 2m/sec.) 


Item Symbol Min.(B) Typ. Max.(A) | Unit 


Pie eer 61025 | 0955 6880 | mV 
in “THA “ILB 61810 | 61715 | ©1620 | mV 


Output Voltage 

















eae 
All Inputs and Outputs Open 0140 


e AC Characteristics (Vpp = -4.5V + 5%, T, = 0 to +85°C, air flow exceeding 2m/sec.) 
1. Read Mode 


It Say Test Condit HM100490-10 HM 100490- 12 Unit 
em ymbdo est Condition ~ 
Min. Min. | Typ. | Max. 


Chip Select Access Time i eee Ft ea 
Chip Select Recovery Time en es Kos eee ee 
eens rs Pe Eee 


Input Current 





pA 






Vou 

VoL 
Output Threshold Voltage Vouc Vin = Ving OF VILA ot ae eee mV 
: | — | — | 61610 | mv 
Taput Voltage Guaranteed Input Voltage 01165 | | 6880 | mV 
P 6 High/Low for All Inputs 61810 C= 4 01475 | mV 
ly Vin = Vina — ~ pA 


Supply Current Igp 





a 
~ 
DM 


Address Access Time | 10 | — | ns 
2. Write Mode 
Write Pulse With a ee eee 
Data Setup Time mee se eles ae 
Data Hold Time a OE coecs ese mes ene 
Adress Setup Time oe cr ae ee ee eee 
Address Hold Time eae eae ees ns 
Chip Select Setup Time P27 —-]—412{/-]{- | ns 
Chip Select Hold Time | 2{—{—-{2 {—] — | ns 
Write Disable Time }— | —{ 6] —}—] 8 | ns 
Write Recovery Time P}— |—}]2]—}]—] 4] ns 
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HM100490 Series 


3. Rise/Fall Time 


em Symbol 
Output Rise Time a Se 
Output Fall Time 


4. Capacitance 









Sa 


ee 


@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 










Input Capacitance 





Output Capacitance 


Vcc (GND) 
@ 





C) 
0.01 ge Vv, @2.0V 
EE . 


3. Read Mode 


50% 


50% 
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HM100490 Series 
4. Write Mode 


cs 


Address 


Din 
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H M 1 00504 F-10/1 2 — Preliminary 


65536-Words x 4-Bit Fully Decoded Random Access Memory 
@ DESCRIPTION 


@ PIN ARRANGEMENT 


The HM100504 is ECL 100K compatible, 65536-words by 4-bits 1 
read/write random access memory developed for high speed sys- 2 
tems such as scratch pads and control/buffer storage. 3 
@ FEATURES 4 
¢ 65536 x 4 Bit Organization S 
e Fully Compatible with 100K ECL Level 6 
e Address Access Time .............0 cc cece 10/12ns (max.) 7 
e Write Pulse Width. .............. 00.0. cee eee ees 8ns (min.) 8 
e Low Power Dissipation ...............0000 eee 500mW (typ.) 9 


e Output Obtainable by Wired-OR (Open Emitter) 


@ ORDERING INFORMATION 


Type No. Access Time Package 
HM 100504F-10 10 ns 28 pin Ceramic Flat Package 
HM 100504F- 12 12 ns (30 mil lead Pitch) 





@ BLOCK DIAGRAM 
As Ag Az Ag Aro Aig Arg Ais 
0000000 CO 


ee 







Ao 













A1 3S 
Ao 8 NOTES: X = Irrelevant; 
A fa Memory Cell Array * = Read out noninvert 
3 = ; 
B 65536 words x 4 bits 
Aa ® 
Ag 3 
A10 
x< 






Ait Block 1} Block 2 | Block 3 } Block 4 


Circuit Circuit Circuit Circuit 


Dio DOo Dix DO Dia DO. Dig 003 
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H M 1 00500CG-1 8 — Preliminary 


262,144-Word x 1-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM100500CG-18 is ECL 100K compatible, 262,144-word x 
1-bit, read/write random access memory developed for high speed 
systems such as main memories for super computers. 

@ FEATURES 


e 262,144-Word x 1-Bit Organization 
¢ Fully Compatible with 100K ECL Level 


e Address Access Time. ..........0 00 cc eee ee eens 18ns (max.) 
e Write Pulse Width. .........0..... 00 cee ee eee 10ns (min.) 
e Low Power Dissipation ...................0005 500mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 


Access Time 








Package 


24 pin CERDIP 
(DG-24V) 


28 pin LCC 
al (CG-28B) 


24 pin Ceramic Flat 
(FG-24A) 


Input 
=o —— Output Mode 
CS WE 







HM 100500-18 










i ae ie ae a ee 
H xX X L Not Selected 


NOTES: X = Irrelevant 
*1 = Read Out Noninvert 


@ BLOCK DIAGRAM 


MEMORY 
CELL ARRAY 


256 X 1024 


SENSE AMP 
d R/W 


and R/ 
CONTROL 


ny 


‘\ 


h 


Ag Ay ----- Air 


@ HITACHI 





(CG-28B) 


(Top View) 


(DG-24V) 


oonoaoa ak GDN ~ 


(CG-28B) 


AD 00 Ves Veen Vere On 


ine 
arrE 


rararars 
tgt est al 


bere tpn 


TACIFIUA 
Set 





(Top View) 
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HM100500CG-18 


Absolute Maximum Ratings (Ta = 25°C) 


Item Symbol Rating Unit 
Supply Voltage VeE to Vcc +0.5 to -7.0 V 
Input Voltage Vin +0.5 to VEE V 

Output Current Tout —30 mA 
Storage Temperature Tstg —65 to +150 oC 
Storage Temperature Tstg (Bias)”! —55 to +125 °C 


Note: *1; UnderBias 


Electrical Characteristics 
DC Characteristics (Ver = 4.5 V, Rt = 50Q to ~2.0 V, Ta = 0 to +85°C, air flow exceeding 2 m/sec) 


Item Symbol Min (B) Typ Max (A) Unit Test Conditions 
Vou —1025 ~955 —880 mV 
Output Voltage Vo. 1810. 1715. 1620. =mv += -Ym= Vina or Vis 
Vonc —1035 — — mV . 
Output Threshold Voltage yg ae ag ae Vin = Vine or VILA 
Vin —1165 — —880 mV Guaranteed Input Voltage 
Input Voltage Ono. Wee Re LAA a Bor EID AL ed AL ily Wee SIO NEE 
ri . VIL —1810 — -1475 mV High/Low for All Inputs 
In — — 220 LA Vin = Vina 
Input Current In 0.5 — 170 A Vin = Vann cs 
—50 mae sites Others 
Supply Current IEE —160 — = mA All Inputs and Outputs Open 


AC Characteristics (Ves = -4.5 V+ 5%, Ta= 0 to +85°C, air flow exceeding 2 m/sec) 





Read Mode 
Item Symbol Min Typ CG-18Max  F-18Max Unit Test Conditions - 
Chip Select Access Time tacs — — 18 15 ns 
Chip Select Recovery Time tRcs — — 18 10 ns 
Address Access Time tAa — — 18 18 ns 
Write Mode 
Item Symbol Min Typ CG-18Max  F-1I8 Max Unit — Test Conditions _ 
Write Pulse Width tw 10 — — ns twsa=2 ns 
Data Setup Time twsD Z — — 
Data Hold Time tWHD 3 _ _ ns 
Address Setup Time twsa 2 — — ns w= 10 ns 
Address Hold Time tWHA 3 — o— ns 
Chip Select Setup Time twscs 2 — — ns 
Chip Select Hold Time twHCs 3 — — ns 
Write Disable Time tws — — 15 10 ns 
Write Recovery Time twR —_ — 21 21 ns 
© HITACHI 
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HNM100500CG-18 





Rise/Fall Time 
Item Symbol Min Typ Max Unit 
Output Rise Time tr — 2 — ns 
Output Fall Time tf — 2 — ns 
Capacitance 
Item Symbol Min Typ Max Unit 
Input Capacitance Cin — 3 — pF 
Output Capacitance Cout — 5 — pF 


Test Circuit and Waveforms 


Loading Condition 
VeeGND) 


0.01 uF 


Read Mode 


Write Mode 


Address 


Input Pulse 


<99V > 5<5 


tp =t, =2.0ns 
Ri. =500 
Cr =30pF (includes 


probe and jig 
capacitance) 


Address 


© HITACHI 


Test Conditions 


Test Conditions 
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HM101494 Series— Preliminary 


16384-Words x 4-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM101494 is ECL 100K compatible, 16384-words by 4-bits 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 


@ FEATURES 


e 16384 x 4 Bit Organization 
e Fully Compatible with 100K ECL Level 


e Address Access Time ........... 0.00 cee eeees 10/12ns (max.) 
e Write Pulse Width ........... 0.00. e cece eee eee 6/8ns (min.) 
e Low Power Dissipation ..................0000- 750mW (typ.) 


e Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 


Access Time 


10ns 
12ns 


10ns 
12ns 












Package 


400 mil 28 pin Cerdip 
(DG-28N) 






HM101494-10 
HM101494-12 


HM101494F-10 
HM101494F-12 


28 pin Ceramic Flat 
(FG-28D) 


@ BLOCK DIAGRAM 


a Ao Aso AN M2 Ars 


Y—Decoder/Driver 






Ao 
Ai 
A2 
A3 
A4 
As 
Aé 
As 










Memory Cell Array 
16384 words x 4 bits 


X—Address/Decoder 


Block 1 } Block 2 } Block 3 | Block 4 


| crea | cre | drove | crown | 


O © O © OO OD 
Diy DO Di2 DO2Dig DOgDi4 DOq4 





NOTES: X = Irrelevant; 
* = Read out noninvert 
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HM101494 Series 
@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


tem Uni 
Supply Voltage Vv 
Input Volage v 
Output Current Pe | 80 mA 
Storage Temperature °C 
Storage Temperature °C 


NOTES: _ 1. Under bias. 
2. Ceramic flat... Tc, Cerdip ... Ta. 


@ ELECTRICAL CHARACTERISTICS 


¢ DC Characteristics (Vp_ = -5.2V, Ry, = 500 to -2.0V@), T, = 0 to +85°C, air flow exceeding 2m/sec.@), 
Tc = Oto +85°C) 


Item Symbol Min.(B) Typ. Max.(A) | Unit 
Output Voltage Vin = Vina OF Vip Shee sath Ade hd 
7 61810 | ©1715 | ©1620 | mV 
Vouc e035 | — | — |mv 
Ourput Threshold Voltage |_Youe | y,. = y 
utput I hresho d oltage vn Ven IHB OF VILA = = 61610 mV 
eat vols Guaranteed Input Voltage O1165 | | 6880 | mV 
P 8 High/Low for All Inputs 1810 eee ty Q1475 | mv 
Oo ea a 
Input Current I Vv. =v 0.5 ee 170 rn 
Supply Current All Inputs and Outputs Open 6180 | om fF | mA 
e AC Characteristics (Vez = -5.2V + 5%), T, = 0 to +85°C, air flow exceeding 2m/sec.@), 
Tc = 0to +85°C) 
1. Read Mode 
em ymbo est Conditio 
Pin, | Typ. | Max.| Min. | Typ. | Max 
Chip Select Access Time | mcs | Ss—C~sS  T - PT] tl 
Chip Select Recovery Time | tres | == | ~ | — | © | ~ | — | 8 [1 
Address Access Time | ta | Ss—i = | PO Tf pe Pos 


2. Write Mode 


Write Pulse Wid ty 


Sa nae HM 101494-10 HM101494-12_ | |, 
Pin. | Typ. [ Max.| Min. [ Typ. [ Mar. 

oe ee eee oe 

Data Setup Time Sees eee 
Data Hold Time oe sg es oar emma 
Address Setup Time [tsa [w= min | 2{-]—-[2]—]—-]|-s 
Address Hold Time f2{—-]— {2 ['—[— [2s 
Chip Select Setup Time f2'—{—[2]/—-—|[— | ns 
Chip Select Hold Time f2}—/[—]2{[-—|— | or 
Write Disable Time tws fF—-{[—-]6f—-[—] 8 | ns 
Write Recovery Time twr p—~ |—}|m2t{—{f— |] ns 
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HM101494 Series 


3. Rise/Fall Time 











Item 
Output Rise Time 
Output Fall Time 







sx a 
Leaslee al 
4. Capacitance 


[Symbot_[ Test Condition | Min. | Typ. | Max. 
ae ce Ce 
a ee 
tem ae eee 
ae 
ee a 
eo ee ee! 


tf 
WE, CS, Dy, D F 
Input Capacitance | cy ES I> 22 p 
OntpuyCapechance es ee 


®@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 2. Input Pulse 


pF 
pF 


Voc (GND) 
oe 









O ® 
0.01 HF a= vee = O2.0V 


3. Read Mode 


50% 


50% 
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HM101494 Series 


4. Write Mode 


CS 


Address 


Din 
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Hi M 101 490 Series — Preliminary 


65536-Words x 1-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM101490 is ECL 100K compatible, 65536-words by 1-bit 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

@ FEATURES 


e 65536 x 1 Bit Organization 
e Fully Compatible with 100K ECL Level 


e Address Access Time .............0 cc eens 10/12ns (max.) 
e Write Pulse Width .............. 0.0. cece eens 6/8ns (min.) 
e Low Power Dissipation ................0000 eee 570mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
M@ ORDERING INFORMATION 


10ns 
12ns 


@ BLOCK DIAGRAM 













Package 


300 mil 22 pin Cerdip 
(DG-22N) 






HM101490-10 
HM101490-12 


Ao A; Az Ag Aq Aro Ara Ais 
0000000 OC 


Y—Decoder/Driver 


Memory Cell Array 


65536 words x 4 bits 


> Pr pr? > 
© on OA 


A10 
A11 
A13 


dm 
® 
3 
re) 
© 
® 
Q 
~ 
od 
”) 
2 
5 
5) 
T 
x< 





WE OT Rw creat 


O 
Din/Dout 
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(DG-22N) 


@ PIN ARRANGEMENT 


OOoOnN Oot DDO — 





X = Irrelevant; 
* = Read out noninvert 
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HM101490 Series 


@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


Item 
Supply Voltage 
Input Voltage 
Output Current 
Storage Temperature 
Storage Temperature 


Uni 
v 
v 
Ss 
ze 


@55 to +125 °C 


M@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (Veg = -5.2V, Ry, = 500 to -2.0V, T, = 0 to +85°C, air flow exceeding 2m/sec.) 


Item 


Output Voltage 
Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 


Symbol Max 
in = Vita OF VIB 61810 | ©1715 
ferns pa 
os 


< 


< 


Guaranteed Input Voltage O1165 
High/Low for All Inputs 1810 


an aaa 
ie Sa 
Ing All Inputs and Outputs Open 0140 


Vou 
VoL 
Vouc 
VoLc 
Vin 
Vit 


220 


I 
a) 


ee Dio!® Clo 
Bl SOR cH | 
| 3/= DO | & 
7 an) oO}O 


e AC Characteristics (Vpp = -5.2V + 5%, T, = 0 to +85°C, air flow exceeding 2m/sec.) 


1. Read Mode 


Item 


Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time 


2. Write Mode 


Item 


Write Pulse Width 

Data Setup Time 

Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 
Write Disable Time 
Write Recovery Time 


1290 Hitachi America, Ltd. 


re eet HM 101490-12 
ee ee 
ae ae ees ees Ee oe Ee Ee ee 
a eee Fe ie ee eee 
Sa ee ey) 
ies peta HM 101490-10 HM 101490-12 
ymbdo est Condition Min. 
[i aman he let= ele bo 
as ee 2 ce 
eed oa 
yowan eda a ee 
ise ee el 
ee oe ee 
es ee, 
ee Ieee ee oe 
es er eee 
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Unit 
mV 
mV 
mV 
mV 
mV 
mV 
pA 


pA 


mA 


HM101490 Series 


3. Rise/Fall Time 


fem Symbol 


Output Rise Time 


Unit 
ns 


4. Capacitance 


Input Capacitance 
Output Capacitance 


| Min. | | Max. 
tac ser MOONE co sec nse 
Output Fall Time Located hoe oe ee 
Sete | Min. | | Max. 
oe ee 
ad ieee 





@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 


Vee (GND) 
@ 





0.01 UF = Vee = @2.0V 


3. Read Mode 


50% 


50% 
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HM101490 Series 
4. Write Mode 


CS 


Address 


Din 
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HM101504F-10/12 — Pretiminary 


65536-Words x 4-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 

The HM101504 is ECL 100K compatible, 65536-words by 4-bits 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 
@ FEATURES 


e 65536 x 4 Bit Organization 
e Fully Compatible with 100K ECL Level 


e Address Access Time ...........0 00: c eee eens 10/12ns (max.) 
e Write Pulse Width... ....... 0... 0. cee eee ee eee 8ns (min.) 
e Low Power Dissipation ...............-02 0 eee 500mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 


@ ORDERING INFORMATION 


Type No. Access Time Package 
HM101504F-10 10 ns 
HM101504F-12 12 ns hey) 


@ BLOCK DIAGRAM 


As Ag Az Ag Ajo Aig Aig Ais 
0000000 OC 


ee 


Ao 
A1 
A2 
A3 
A4 
Ag 
A10 
Ait 









Memory Cell Array 
65536 words x 4 bits 





~_ 
® 
9 
© 
® 
Q 
”) 
” 
2 
A) 
ze] 
i 
x< 








Block 1 | Block 2 | Block 3 | Block 4 


O OO O O O O O 
Dig DOoDIy DO1Dig DO,Di3g DO3 


ale| 


@ HITACHI 


@ PIN ARRANGEMENT 


1 
2 
3 
4 
5 
6 
7 
8 
9 








X = Irrelevant; 
* = Read out noninvert 
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Hi M 1 01 500F-1 5 — Preliminary 


262144-Words x 1-Bit Fully Decoded Random Access Memory 
@ DESCRIPTION 


HM101500F-15 is ECL 100K compatible, 262144-words by 1-bit, 
read/write random access memory developed for high speed sys- 
tems such as main memories for super computers. 


@ FEATURES 


e 262,144-Words x 1 Bit Organization 
¢ Fully Compatible with 100K ECL Level 


e Address Access Time... . 1.0... 0.0: cece eee 15ns (max.) 
e Write Pulse Width .......... 0.0.0... cece eee eee 10ns (min.) 
e Low Power Dissipation ..................20005 500mW (typ.) 


e Output Obtainable by Wired-OR (Open Emitter) 


@ TRUTH TABLE 





(CG-28B) 


m@ PIN ARRANGEMENT 





NOTES: X = Irrelevant; 
* = Read out noninvert 


M@ ORDERING INFORMATION 


Type No. Access Time Package 
HM101500F-15 15 ns 24 pin Ceramic Flat 
HM101500CG-15 15 ns 28 pin Ceramic LCC 


@ BLOCK DIAGRAM 


256 x 1024 
] 

Ag Memory Cell ; 
(Top View) 
i] 
4 


v = Te oll -_ 
ieee ee ae A ee i san 
Sense Amp. and b Ge QA  p-ocs Index AgDo \oc1oc2“coc Din 


Read/Write Control ea she Tattol tat boa Of bd 
' I oWE (Sy f2y {tt ae 24 2S 
a a 
<_| 53 
6} 23 





te a eR eR 
naj Ha hal het hel 7; 


Ag Vee oc M10411442 





(Top View) 
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HM101500F-15 
@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


em Un 
Supply Voltage v 
input Voltage v 
Output Current Ss 
Storage Temperature °C 
Storage Temperature °C 


@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (Ver = -5.2V, Ry = 500 to -2.0V, Tc = 0 to +85°C) 


tem Symbol Min.) Max (A) [ Uni 

Outpt Voltage Vou V.. = Ves. or V 61025 6955 6880 mV 

eaves cas 61810 | ©1715 | ©1620 | mv 

Output Threshold Voltage Vin = Ving Or Vina oe en ne 

ene | = | 0160 [mv 

aa Weleane Guaranteed Input Voltage 61165 ae | 6880 {| mV 

P 8 High/Low for All Inputs ©1810 ee | @1475 | mv 

ee even se 

Input Curren ae gee S [os | - | m |. 
oe ee Others] o5s0 [| — [ — |" 

Supply Current All Inputs and Outputs Open 6200 Ss eee mA 


e AC Characteristics (Vpp = -5.2V + 5%, Tc = Oto +85°C) 





1. Read Mode 

tem Uni 
Chip Select Access Time Pie [ee ed ee 
Chip Selot Recovery Time er a a 
Address Access Time a = =e 
2. Write Mode 

em Min. Un 
Write Pulse Width Ey live eoer wee le 
Data Setup Time 2 ee oe a 
Data Hold Time oe NE cor oe te eo 
Address Setup Time [wea [oy = tos | | = | ts 
Address Hold Time ir a ap. we ft eee ns 
Chip Select Setup Time | 2 | — | — | ns 
Chip Select Hold Time | 3 | — | — | ns 
Write Disable Time | — | — | 0 | ns 
Write Recovery Time twr | — | — |] B | 
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HM101500F-15 





3. Rise/Fall Time 













Min, [Typ] Max. | 
es eames 2s ak 
eae eal 
a 
per 


@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 







Output Rise Time 
Output Fall Time 





4, Capacitance 







Item 






Input Capacitance 
Output Capacitance 





Voc (GND) 





0.01 p 


a Veg 02.0V 


3. Read Mode 


50% 


50% 
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HM101500F-15 


4. Write Mode 


CS 


Address 


Din 
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NOTES: 
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NOTES: 
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NOTES: 
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NOTES: 
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